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(54) Magnetoresistance effect device, and magnetoresistance effect type head, memory device, 
and amplifying device using the same 



(57) A magnetoresistance effect device of the inven- 
tion includes: a substrate; and a multilayer structure 
formed on the substrate. The multilayer structure in- 
cludes a hard magnetic film, a soft magnetic film, and a 
non-magnetic metal film for separating the hard mag- 



netic film from the soft magnetic film. The magnetization 
curve of the hard magnetic film has a good square fea- 
ture, and the direction of a magnetization easy axis of 
the hard magnetic film substantially agrees to the direc- 
tion of a magnetic field to be detected. 
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Description 



BACKGROUND OF THE INVENTION 



5 1. Field of the Invention: j 

[0001] The present invention relates to a magnetoresistance effect device, and also relates to a magnetic head, a 
memory device, and an amplifying device using such a magnetoresistance effect device. 



* 0 2. Description of the Related Art: 

[0002] A magnetoresistive sensor (hereinafter referred to as an MR sensor) and a magnetoresistive head (hereinafter 
referred to as an MR head) using a magnetoresistance effect device have been under development. The term "a 
magnetoresistance effect element" indicates a device which varies an electric resistance depending on the magnetic 
15 field externally applied. The characteristic of the magnetoresistance effect device is generally represented by a ratio 
of change of magnetoresistance (hereinafter abbreviated as an MR ratio). The MR ratio is defined by the following 
equation: 



where R(maximum) and R(minimum) denote the maximum value and the minimum value of the resistance of the 
magnetoresistance effect device when a magnetic field is applied to the magnetoresistance effect device. Convention- 
ally, as a material for a magnetoresistance effect device, a permalloy of Ni 0 8 Fe 0 2 is mainly used as the magnetic body. 

25 in the case of such magnetoresistance effect materials, the MR ratio is about 2.5%. In order to develop an MR sensor 
and an MR head with higher sensitivity, a magnetoresistive device exhibiting a higher MR ratio is required. It was 
recently found that [Fe/Cr] and [Co/Ru] artificial multilayers in which anti-ferromagnetic coupling is attained via a metal 
non-magnetic thin film such as Cr and Ru exhibit a giant magnetoresistance (GMR) effect in a ferromagnetic field (1 
to 10 kOe) (see Physical Review Letter Vol. 61, p. 2472, 1988; and Physical Review "Letter Vol. 64, p. 2304, 1990). 

30 However, these artificial multilayers require a magnetic field of several kilooersteds 1 Oe = Am- 1 to several tens of 
kOe in order to attain a large MR change, so that such artificial multilayers cannot be practically used for a magnetic 
head and the like. 

[0003] It was also found that an [Ni-Fe/Cu/Co] artificial multilayer using magnetic thin films of Ni-Fe and Co having 
different coercive forces in which they are separated by a metal non-magnetic thin film of Cu and are not magnetically 

35 coupled exhibits a GMR effect, and an artificial multilayer which has an MR ratio of 8% when a magnetic field of 0.5 
kOe is applied at room temperature has been hitherto obtained (see Journal of Physical Society of Japan, Vol. 59, p. 
3061, 1990). It was found that adding a metal thin film in an interface between at least one of the magnetic layers and 
the non-magnetic layer, increases the MR ratio (see European Patent Application No. EP-A-0 548 841 of Matsushita 
Electric Industrial Co.). However, as is seen from the typical MR curve of this type of artificial multilayer shown in Figure 

40 11, a magnetic field of about 100 Oe is required for attaining a large MR change. Moreover, the MR asymmetrically 
varies from the negative magnetic field to the positive magnetic field, i.e., the MR exhibits poor linearity. That is, such 
an artificial multilayer has characteristics which are difficult to use in practice. 

[0004] Also, it was found that [Ni-Fe-Co/Cu/Co] and [Ni-Fe-Co/Cu] artificial multilayers using magnetic thin films of 
Ni-Fe-Co and Co in which RKKY-type anti-ferromagnetic coupling is attained via Cu exhibit a GMR effect, and an 

^5 artificial multilayer which has an MR ratio of about 1 5% when a magnetic field of 0.5 kOe is applied at room temperature 
has been hitherto obtained (see Technical Report by THE INSTITUTE OF ELECTRONICS, INFORMATION AND COM- 
MUNICATION ENGINEERS of Japan, MR91-9). In the European Patent Application EP-A-0 578 1 96 (Nec Corporation), 
it is proposed to use various alloys of Fe, Co, Mn, Cr, Dy, Er, Nd, Tb, Tm, Ge and Gd. As is seen from the typical MR 
curve of this type of artificial multilayer shown in Figure 1 2, the MR substantially linearly varies from zero to the positive 

50 magnetic field, so that the film: has characteristics which are sufficient for the application to an MR sensor. However, 
in order to get a large MR change, a magnetic field of about 50 Oe is required. Further, in the European patent application 
EP-A-0 498 344 (NEC Corporation), some examples of particular MR effect elements are disclosed which lead to MR 
ratios of 4% to 9%, however magnetic fields of more than 25 Oe are required. Such a characteristic of the film is not 
appropriate for the application to an MR magnetic head which is required to be operated at most at 20 Oe and preferably 



[0005] As. a film which can be operated in a very weak magnetic field to be applied, a spin-valve type film in which 
Fe-Mn as an anti-ferromagnetic material is attached to Ni-Fe/Cu/Ni-Fe has been proposed (see Journal of Magnetism 
and Magnetic Materials 93, p. 101 , 1991 and European Patent Application EP-A-0 594 243 of Philips Electronics). As 



20 



MR ratio (%) = (R(maximum) - R(minimum)) / R(minimum) x 100, 



55 



less. 
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is seen from the typical MR curve of this type shown in Figure 13, the operating magnetic field is actually weak, and 
a good linearity is observed. However, the MR ratio is as small as about 2%, and the Fe-Mn film has a poor corrosion 
resistance. The Fe-Mn film has a low Neel temperature, so that the device characteristics disadvantageously have 



5 [0006] On the other hand, as;a memory device using a magnetoresistance effect, a memory device using a conductor 
portion (sense lines) made of Ni-Fe(-Co)/TaN/Ni-Fe(-Co) in which Ni-Fe or Ni-Fe-Co as a conventional MR (magne- 
toresistance effect) material is laminated via TaN has been proposed (see U.S. P. No. 4,754,431, and IEEE Trans. 
Magn. Vol. 27, No. 6, 1 991 , pp. 5520-5522). Such a memory device utilizes the conventional material as an MR material, 
so that the MR ratio is 2% to 3%. Thus, the memory device has disadvantages in that the output during the information 

10 read-out is weak, and it is inherently difficult to perform nondestructive read-out. 

[0007] In the remaining part 'of the description, alloys such as Ni-Co-Fe are often abbreviated as NiFeCo. 

SUMMARY OF THE INVENTION 

15 [0008] The present inventions related to a magnetoresistance effect device comprising: a substrate; and a multilayer 
structure formed on the substrate, the multilayer structure including a first magnetic film having a direction of a mag- 
netization easy axis substantially agreeing to a direction of a magnetic field to be detected, a second magnetic film 
having a coercive force smaller than the coercive force of said first magnetic film, and a non-magnetic metal film (2) 
for separating the first magnetic film from the second magnetic film. The magnetoresistance effect device according 

20 to the present invention is characterized in that : said first magnetic film has a magnetization curve having a square 
ratio (S) of 0,7 or more, and a coercive force of 20.1&- A.m' 1 (20 Oersted) or more, said non-magnetic film has a 
thickness less than 5 nm, and said second magnetic fifrft has a coercive force less than 20.1^- A.m" 1 (20 Oersted) and 
includes : either Ni x Co Y Fe z (X, Y and Z designate atomic composition ratios which satisfy : 5,6 < X < 0,9, 0 < Y < 0,4, 
0 < Z < 0,3 and X + Y + Z = 1), or Ni x> Co Y ,Fe z , (X\ Y* and Z' designate atomic ratios which satisfy : 0 < X'< 0,4, 0,2 < 

25 Y'< 0,95, 0 < Z'< 0,3 and X' + Y' + Z' = 1 ), or a Co-based amorphous alloy material Co 0 75 Fe 0 05 B 0 2 . 

[0009] In a first embodiment of the present invention, the first magnetic film includes Co and M as main components, 
M representing Pt or two or more kinds of elements selected from a group consisting of Pt, Cr and Ta. 
[0010] In still another embodiment of the present invention, the first magnetic film includes (Cq z Fe 1 . z ) Zl V 1 . Zl as a 
main component, and in an atomic composition ratio, Z is in the range of 0,3 to 0,7, and Z' is in the range of 0,9 to 0,98 

30 or equal to 1 . 

[001 1] In still another embodiment of the present invention, the first magnetic film includes Co as a main component 
and the second magnetic film includes Ni x ,Co Y ,Fe z , (X\ Y' and Z designate atomic ratios which satisfy : 0 < X'< 0,4, 
0,2 < Y'< 0,95, and 0 < Z'< 0,3). 

[001 2] In still another embodiment of the present invention, the non-magnetic metal film is made of a material selected 
35 from Cu, Ag and Au. 

[001 3] In still another embodiment of the present invention the non-magnetic metal film has a thickness in the range 
of 1 nm to less than 5 nm. 

[0014] In still another embodiment of the present invention, said multilayer structure comprises a further magnetic 
film which is inserted on both faces or one face of the first magnetic film, the thickness of the magnetic film being in 
to the range of 0,1 to 2 nm, and the magnetic film including at least one element selected from Co, Ni and Fe as a main 
component. 

[0015] In still another embodiment of the present invention, said multilayer structure comprises a further magnetic 
film which is inserted at, at least one of interfaces between the first magnetic film and the non-magnetic metal film, and 
between the second magnetic film and the non-magnetic metal film, a thickness of the magnetic film being in the range 

^5 of 0, 1 to 1 nm, and the magnetic film including at least one element selected from Co, Ni and Fe as a main component. 
[001 6] In still another embodiment of the present invention, said multilayer structure is stacked a plurality of times (N). 
[0017] In still another embodiment of the present invention, the. first magnetic film is mainly made of Co, CoPt or 
CoFe, and the non-magnetic film is mainly made of Cu and has a thickness of 2 to less than 5 nm, the multilayer 
structure is formed epitaxially on the substrate such that a [100] direction of each film composing the multilayer structure 

50 is in a direction vertical to a film plane of the each film, and a magnetic field direction to be detected is substantially a 
[011] direction of the non-magnetic film. 

[0018] In still another embodiment of the present invention, the substrate is an Si single crystalline substrate, the 
multilayer structure is formed on the substrate via an underlayer mainly made of Cu. 

[0019] In still another "embodiment of the present invention, the first magnetic film is mainly of Co, CoPt or CoFe, 
55 and the non-magnetic film includes a first non-magnetic film mainly made of Cu having a thickness of 2 to less than 5 
nm and a second non-magnetic film mainly made of Ag or Au having a thickness of 0,1 to 0,4 nm inserted in the first 
non-magnetic film. i 

[0020] In still another embodiment of the present invention, the multilayer structure is formed epitaxially on the sub- 



great temperature dependence. 
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strate such that a [100] direction of each film composing the multilayer structure is in a direction vertical to a film plane 
of the each film, and a magnetic field direction to be detected is substantially a [011] direction of the non-magnetic 
metal film. ! 

[0021] In still another embodiment of the present invention, the substrate is an Si single crystalline substrate, the 

5 multilayer structure is formed on the substrate via an sublayer mainly made of Cu. 

[0022] In still another embodiment of the present invention, at least two consecutive second magnetic films each 
having a thickness in the range of 1 to 10 nm are stacked with a non-magnetic metal film interposed therebetween, 
and the first magnetic film is mainly made of Co, CoPt or CoFe, the first magnetic film and the consecutive second 
magnetic films are stacked with the non-magnetic metal film interposed therebetween. 

10 [0023] In still another embodiment of the present invention, the non-magnetic metal film is mainly made of Cu. 

[0024] In still another embodiment of the present invention, the non-magnetic metal film between the consecutive 
second magnetic films is composed of a single film mainly made of Cu, the non-magnetic metal film between the 
consecutive second magnetic films and the first magnetic film is composed of a film mainly made of Cu with an Ag or 
Au film inserted therein. j 

15 [0025] In still another embodiment of the present invention, the multilayer structure is formed epitaxially on the sub- 
strate such that a [1 00] direction of each film composing the multilayer structure is in a direction vertical to a film plane 
of the each film, and a magnetic field direction to be detected is substantially a [011] direction of the non-magnetic 
metal film. 1 

[0026] In still another embodiment of the present invention, the second magnetic film is mainly made of NiFeCo, at 
20 least two second magnetic films each having a thickness in the range of 1 to 1 0 nm are consecutively stacked with the 
non-magnetic metal film interposed therebetween, the first magnetic film is mainly made of Co, CoPt or CoFe, at least 
two first magnetic films each having a thickness in the range of 1 to 10 nm are consecutively stacked with the non- 
magnetic metal film interposed therebetween, and the consecutive second magnetic films and the consecutive first 
magnetic films are alternatively stacked with the non-magnetic metal film interposed therebetween, and a thickness 
25 of the non-magnetic metal film between the second magnetic film and the first magnetic film is larger than a thickness 
of the non-magnetic metal film ibetween the consecutive second magnetic films or the consecutive first magnetic films. 
[0027] In still another embodiment of the present invention, the non-magnetic metal film is mainly made of Cu. 
[0028] In still another embodiment of the present invention, the non-magnetic metal film between the consecutive 
second magnetic films and the non-magnetic metal film between the consecutive first magnetic films is a single film 
30 mainly made of Cu, the non-magnetic metal film between the consecutive second magnetic film and the first magnetic 
film is composed of a film mainly made of Cu with an Ag or Au film inserted therein. 

[0029] In still another embodiment of the present invention, the multilayer structure is formed epitaxially on the sub- 
strate such that a [1 00] direction of each film composing the multilayer structure is in a direction vertical to a film plane 
of the each film, and a magnetic field direction to be detected is substantially a [011] direction of the non-magnetic 
35 metal film. i 

[0030] In still another embodiment of the present invention, a direction of a current flowing through the multilayer 
structure is substantially perpendicular to a film surface of the multilayer structure. 

[0031] In still another embodiment of the present invention, the magnetoresistance effect device according to the 
invention further comprises : a yoke for guiding a signal magnetic field from a magnetic medium to the second magnetic 

to film, wherein said magnetic field to be detected is the signal magnetic field guided by the yoke. 

[0032] The present invention is also related to a nonvolatile memory device comprising such a magnetoresistance 
effect device, which further comprises: conductive lines for allowing a first current for recording information and a 
second current for reading-out information to produce therethrough, magnetic fields which are respectively produced 
by the first current and the second current and the second current affecting the magnetoresistance effect device, 

45 wherein the first magnetic film has a coercive force capable of inverting a magnetization of the first magnetic film by 
the magnetic field produced by the first current, but incapable of inverting the magnetization of the first magnetic film 
by the magnetic field produced by the second current, the second magnetic film having a coercive force capable of 
inverting a magnetization of the second magnetic film by the magnetic field produced by the second current, whereby 
information recorded on the memory device is nondestructively read out. 

50 [0033] In another embodiment of the present invention, the magnetoresistance effect device includes a plurality of 
first magnetic films, the plurality of first magnetic films having respective coercive forces which are different from each 
other. ! 

[0034] In still another embodiment of the present invention, a magnetization easy axis of the first magnetic film sub- 
stantially agrees to directions of the magnetic fields produced by the first current and the second current flowing through 
55 the conductor lines. 

[0035] The present invention also relates to an amplifying device comprising a magnetoresistance effect device 
according to the invention, which further comprises : conductive lines for allowing a signal current to flow therethrough, 
a magnetic field which is produced by the signal current affecting the magnetoresistance effect device, the first magnetic 
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film has a coercive force incapable of inverting a magnetization of the first magnetic film by the magnetic field produced 
by the signal current, the second magnetic film having a coercive force capable of inverting a magnetization of the 
second magnetic film by the magnetic field produced by the signal current. 

[0036] Thus, the invention described herein makes possible the advantages of (1) providing a high-sensitive mag- 
netoresistive device and a magnetoresistance effect type head which can operate at a weak magnetic field, and which 
exhibit a relatively large MR ratio, and (2) providing a nonvolatile memory device and an amplifying device which can 
perform nondestructive read-out without using any semiconductors. 

[0037] These and other advantages of the present invention will become apparent to those skilled in the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0038] Figures 1A and 1B are views showing the constructions of magnetoresistance effect devices according to 
the invention. Figure 1A shows the construction of a sandwich-type magnetoresistance effect device, and Figure 1B 
15 shows the construction of a stacked-type magnetoresistance effect device. 

[0039] Figures 2A and 2B are views showing other constructions of magnetoresistanca effact devices according to 
the invention. Figure 2A shows the construction of a sandwich-type magnetoresistance effect device, and Figure 2B 
shows the construction of a stacked-type magnetoresistance effect device. 

[0040] Figure 3 is a view showing the construction of a magnetoresistance effect type head according to the invention. 
20 [0041] Figure 4 is a view showing the construction of a memory device and an amplifying device according to the 
invention. 

[0042] Figure 5 is a view showing the construction of a memory device which is capable of recording multi-value 
information according to the invention. 

[0043] Figures 6A to 6D are diagrams for illustrating the operation of a memory device according to the invention. 
25 [0044] Figures 7A to 7C are diagrams for illustrating the operation of a mamory device capable of recording multi- 
value information according to. the invention. 

[0045] Figures 8A to 8C: are diagrams for illustrating the operation of an amplifying device according to the invention. 
[0046] Figures 9A to 9C are diagrams for showing the relationship between the square feature of the magnetization 
curve of a hard magnetic film 1 (or a magnetic film V) and an MR curve of a magnetoresistance effect device of the 
30 invention. 

[0047] Figure 10 is a graph showing an MR curve of a magnetoresistance effect device having a structure of [NiFeCo/ 
Cu/CoPt/Cu] according to the invention. 

[0048] Figure 11 is a graph showing an MR curve of an [NiFe/Cu/Co/Cu] artificial multilayer using magnetic films 
having different coercive forces of a prior art. 
35 [0049] Figure 12 is a graph showing an MR curve of an anti-ferromagnetic coupling type [NiFeCo/Cu/Co/Cu] artificial 
multilayer of a prior art. 

[0050] Figure 13 is a graph showing an MR curve of an [NiFe/Cu/NiFe/FeMn] spin valve film using an anti-ferro- 
magnetic film of a prior art. 

[0051] Figure 14 is a graph showing an MR curve of a magnetoresistive changing portion of a memory device ac- 
40 cording to the invention. 

[0052] Figures 15A and 15B are diagrams showing arrangement examples of conductor lines in a memory device 
according to the invention. » 

[0053] Figures 16A and 16B are partial cross-sectional views showing the configurations and the spin alignment 
directions in the respective magnetic films of a magnetoresistance effect device according to the present invention. 
45 [0054] Figure 17 is a graph- showing an MR curve indicating the variation of the saturation magnetic field He in 
accordance with the addition of V in a magnetoresistance effect device according to the present invention. 
[0055] Figure 18 is a graph showing the variation of an MR curve in accordance with the thickness of the magnetic 
films 21 and 23 in a magnetoresistance effect device according to the present invention. 

[0056] Figure 19 is a graph showing the relationship between the magnetic field H end the resistance variation ratio 
50 aR/R in a magnetoresistance effect device according to the present invention. 

[0057] Figures 20A and 20B are views showing the input/output characteristics of a memory device according to the 
present invention. 

[0058] Figure 21 is a sectional view of a magnetoresistance effect device according to the present invention. 
[0059] Figure 22 is a sectional view of another magnetoresistance effect device according to the present invention. 
55 [0060] Figure 23 is a sectional view of still another magnetoresistance effect device according to the present inven- 
tion. 

[0061] Figure 24 is a sectional view of still another magnetoresistance effect device according to the present inven- 
tion. 
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[0062] Figure 25 is a structural view of a memory device/an amplifier including a multilayer device portion. 
[0063] Figure 26 is a graph showing the MR curves of an Si(100)/Cu(5)/NiFe(10)/Cu(2.4)/Ag(0.2)/Cu(2.4)/Co(10) 
device as a comparative example. 

[0064] Figures 27 A and 27B;are graphs showing the MR curves of a device A9 of the present invention and a glass/ 
5 Cr(5)/[Co(3)/Cu(6)/NiFe(3)/Cu(6)] 10 device as a comparative example. 

[0065] Figuras 28A through 28D are graphs showing the MR curves of a device B9 of the present invention where 
x is 0, 0.1, 0.2, and 0.4, respectively. 

[0066] Figure 29 shows a structure for a magnetic head according to the present invention. 



ered hard-film spin valves . Unlike a conventional spin valve using an anti-ferromagnetic film of a conventional material 
such as Fe-Mn, in the hard-film spin valve of the invention, a unidirectioneliy magnetized hard magnetic film performs 

15 similar functions to the anti-ferromagnetic film. 

[0068] Figure 1 A shows the construction of a magnetoresistance effect device of the invention. The magnetoresist- 
ance effect device includes a substrate 7 and a multilayer structure formed on the substrate 7. The multilayer structure 
includes a hard magnetic film 1, a non-magnetic metal film Z, and a soft magnetic film 3. In this specification, a device 
portion having such a multilayer structure is referred to as a magnetoresistive device portion. The magnetization curve 

20 of the hard magnetic film 1 has a good square feature, and hence the magnetization of the hard magnetic film 1 is not 
inverted in a weak magnetic field. The hard magnetic film 1 is formed so that the direction of the magnetization easy 
axis of the hard magnetic film 1 is substantially equal to the direction of the magnetic field to be detected. The "direction 
of the magnetic field to be detected" is typically identical with the direction of the signal magnetic field applied to the 
magnetoresistance effect device. However, in exceptional cases, the direction of the magnetic field to be detected may 

25 be different from the direction of the signal magnetic field to be applied to the magnetoresistance effect device. For 
example, the case where the direction of the signal magnetic field which is externally entered is bent by an L-shaped 
yoke is one of the exceptional cases. The non-magnetic metal film 2 is provided between the hard megnetic film 1 and 
the soft magnetic film 3 in order to reduce the force of the magnetic coupling between the hard magnetic film 1 and 
the soft magnetic film 3. The magnetization of the soft magnetic film 3 can be easily inverted in a weak magnetic field. 

30 The soft magnetic film 3 is isolated from the magnetic coupling to the hard magnetic film 1 by the non-magnetic metal 
film 2. 

[0069] In this specification, a;magnetic film having a coercive force of 20 Oe or more is referred to as "a hard magnetic 
film", and a magnetic film having a coercive force less than 20 Oe is referred to as "a soft magnetic film". In addition, 
a hard magnetic film having a coercive force smaller than 100 Oe is referred to as "a semi-hard magnetic film". The 
35 value of a coercive force used in thie specification is a value obtained by measuring with an AC of a relatively low 
frequency range (e.g., 60Hz). 

[0070] In the case where the-hard magnetic film 1 is unidirectionally magnetized by using a ferromagnetic field, when 
a weak signal magnetic field having a direction opposite to the direction in which the hard magnetic film 1 is magnetized, 
is applied to the magnetoresistance effect device, the magnetization of the hard magnetic film 1 is not inverted, but 

*o the magnetization of the soft magnetic film 3 is inverted into the direction of the signal magnetic field. As a result, the 
magnetization direction of the hard magnetic film 1 is anti-parallel to the magnetization direction of the soft magnetic 
film 3. When the magnetization direction of the hard magnetic film 1 is anti-parallel to that of the soft magnetic film 3, 
the electrons in a current flowing through the magnetoresistance effect device is subjected to magnetic scattering at 
interfaces between the hard magnetic film 1 and the non-magnetic metal film 2, and between the non-magnetic metal 

45 film 2 and the soft magnetic film 3. As a result, the resistance of the magnetoresistance effect element is increased. 
On the other hand, when a weak signal magnetic field having the same direction as the direction in which the hard 
magnetic film 1 is magnetized is applied to the magnetoresistance effect device, the magnetization direction of the 
hard magnetic film 1 is parallel ;to that of the soft magnetic film 3. As a result, the above-mentioned magnetic scattering 
is reduced, so that the resistance of the magnetoresistance effect device is lowered. On the basis of the above-de- 

50 scribed principle, the magnetoresistance effect device varies its electric resistance depending on the change of the 
signal magnetic field. i 

[0071] Figure 1B shows another construction of a magnetoresistance effect device according to the invention. The 
magnetoresistance effect device shown in Figure 1B includes a structure in which a structure of [the hard magnetic 
film 1 / the non-magnetic metal film 2 / and the soft magnetic film 3] shown in Figure 1 A is stacked a plurality of times 
55 via the non-magnetic metal film 2. Such a stacked structure is represented by [the hard magnetic film 1 / the non- 
magnetic metal film 2 / the soft magnetic film 3 / the non-magnetic metal film 2] N (N indicates the number of repetitions). 
By adopting such a stacked structure, the magnetic scattering at the interfaces between the respective films is in- 
creased. Thus, it is possible to obtain a magnetoresistance effect device having a larger MR ratio. Moreover, if a current 
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[0067] The present invention relates to a hard-film spin valve and a magnetoresistance effect device using multilay- 
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is caused to flow in a direction perpendicular to the film face of the magnetoresistive device portion having such a 
stacked structure formed by using a lithography technique or the like, the magnetic scattering at the interfaces between 
the respective films is further increased. Accordingly, it is possible to obtain a mag netoresista nee effect device having 
a much larger MR ratio. j 

5 [0072] Figure 3 shows the construction of a magneto-resistance effect type head according to the invention. A sub- 
strate 7 includes a ferrite 7-1, or a Co-based amorphous film such as CoNbZr or the like formed on a nonmagnetic 
substrate or NiFe film 7-1 with high magnetic permeability formed on the substrate 7, and an insulating film 7-2. A 
magnetoresistive device portion 10 is formed on the substrate 7. The magnetoresistive device portion 10 has the same 
structure as that of the multilayer of the magnetoresistance effect device shown in Figure 1A or 1B. An insulating film 

10 6 is formed on the magnetoresistive device portion 10. A yoke 4 for guiding a signal magnetic flux from a magnetic 
medium to the soft magnetic film 3 is formed on the insulating film 6. In the case where the magnetoresistive device 
portion 10 is disposed at a position at which the signal magnetic flux from the magnetic device can be easily detected, 
the yoke 4 is not necessarily required. In order to reduce a Barkhausen noise, it is desired that the soft magnetic film 
3 is formed so that the magnetization easy axis of the soft magnetic film 3 is orthogonal to the direction of the signal 

is magnetic field applied to the mkgnetoresistance effect device. The magnetoresistive device portion 1 0 varies the elec- 
tric resistance of the magnetoresistive device portion 10 depending on a weak signal magnetic field which is guided 
by the yoke 4. i 

[0073] If necessary, a conductor line for a bias magnetic field for applying a bias to the above-mentioned magne- 
toresistive device portion having the multilayer structure can be provided in the vicinity of the magnetoresistive device 
20 portion. Alternatively, in order to make at least the soft magnetic film 3 of the magnetoresistive device portion into a 
single magnetic domain, an anti-ferromagnetic film or a hard magnetic film may be attached to the end of the magne- 
toresistive device portion. 

[0074] Figure 4 shows the construction of a memory device according to the invention. The memory device includes 
a magnetoresistive change portion 11 and a conductor line 5 for allowing a current to flow. The conductor line 5 is 
25 disposed in the vicinity of the magnetoresistive change portion 11 so that the magnetic field produced by the current 
flowing through the conductor line 5 affecte the magnatoresistive change portion 11. The magnetoresistive change 
portion 11 is insulated from the conductor line 5 by the insulating film 6. 

[0075] The magnetoresietive ohange portion 11 includes a magnetic film 1\ a non-magnetic metal film 2, and a soft 
magnetic film 3. The magnetization curve of the magnetic film 1' exhibits a good square feature, so that the magneti- 
30 zation of the magnetic film 1 ' is not inverted in a weak magnetic field. The non-magnetio metal film 2 is provided between 
the magnetic film V and the soft magnetic film 3 in order to reduce the magnetic coupling force between the magnetic 
film 1" and the soft magnetic film 3. The magnetization of the soft magnetic film 3 can be easily inverted even in a weak 
magnetic field. The soft magnetic film 3 is isolated from the magnetic coupling to the magnetic film V by the non- 
magnetic metal film 2. ■ 

35 [0076] The magnetic film 1' has a coercive force which is larger than that of the soft magnetic film 3. Moreover, the 
magnetic film V is required to have a coercive force smaller than the maximum magnetic field produced by the current 
flowing through the conductor line 5, so that the magnetization can be inverted by the magnetic field produced by the 
conductor line 5. The purpose for the requirement is to represent the information to be stored in the memory device in 
accordance with the direction of the magnetization of the magnetic film V. Once the magnetic film V is magnetized by 

40 a magnetic field which is stronger than the coercive force of the magnetic film 1\ the magnetization of the magnetic 
film 1' cannot be inverted by a magnetic field which is smaller then the coercive force of the magnetic film1\ 
[0077] Hereinafter, the operation of a memory device according to the invention will be described. 
[0078] The magnetoresistive change portion 11 can be constituted so as to include a structure in which the structure 
of [the magnetic film V I the non-magnetic metal film 2 / the soft magnetic film 3] shown in Figure 4 is stacked a plurality 

45 of times via the non-magnetic metal film 2. In such a case, it is possible to obtain a memory device having a larger MR 
ratio. 

[0079] In the case where information is to be stored in a memory device, a current for storing information is caused 
to flow through the conductor line 5. By a magnetic field produced by the current for storing information, the magneti- 
zation of the magnetic film V and the magnetization of the magnetic film 3 are inverted. In the magnetic film 1\ infor- 
50 mation is stored in accordance with the direction of the magnetization of the magnetic film 1 \ For example, in the case 
where the direction of the magnetization of the magnetic film 1' is indicated by the right-pointing arrow shown in Figure 
6A, the information to be stored is "1 M . In the case where the direction of the magnetization of the magnetic film V is 
indicated by the left-pointing arrow shown in Figure 6A, the information to be stored is "0". 

[0080] In order to read-out information from the memory device, a weak current for reading-out information is used. 
55 When a weak magnetic field having a direction opposite to that of the magnetization of the magnetic film 1' is applied 
to the magnetoresistive change portion 11 by the weak current for reading-out information, the magnetization of the 
magnetic film V is not inverted, but the megnetization of the soft magnetic film 3 is inverted into the direction of the 
weak magnetic field. As a result, the direction of the magnetization of the magnetic film 1' is anti-parallel to that of the 
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magnatization of the soft magnetic film 3, so that the resistance of the magnetoresistive change portion 1 1 is increased. 
On the other hand, when a weak magnetio field having the same direction as that of the magnetization of the magnetic 
film Y is applied to the magnetoresistive change portion 11 by the weak current for reading-out information, the mag- 
netization of the magnetic film' 1* is not inverted, but the magnetization of the soft magnetic film 3 is inverted into the 
5 direction of the weak magnetic field. As a result, the direction of the magnetization of the magnetic film V is parallel to 
that of the magnetization of the soft magnetic film 3, so that the resistance of the magnetoresistive change portion 11 
is decreased. 

[0081] In the case where information is to be read-out from the memory device, a weak current for reading-out 
information is first caused to flow through the conductor line 5 in a certain direction (initialization by weak current), and 

10 then a weak current for reading-out information is caused to flow through the conductor line 5 in a direction opposite 
to the certain direction (reversal of weak current). For example, Figure 6B shows the case where a weak current is 
caused to flow through the conductor line 5 in a direction perpendicular to the drawing sheet from the back face to the 
front face thereof (initialization by weak current), and Figure 6C shows the case where a weak current is caused to 
flow through the conductor line 5 in a direction perpendicular to the drawing sheet from the front face to the back face 

15 thereof (reversal of weak current). 

[0082] The information stored in the magnetic film Y is detected as the change of the resistance of the magnetore- 
sistive change portion 11. Forexample, when the information stored in the magnetic body Y is "1", the resistance of 
the magnetoresistive change portion 11 during the reversal of weak current is increased as compared with the case 
of the initialization by weak current. When the information stored in the magnetic body 1' is "0", the resistance of the 

20 magnetoresistive change portion 11 during the reversal of weak current is decreased as compared with the case of 
the initialization by weak current (see Figure 6D). In this way, the information store in the magnetic film Y can be read- 
out in a nondestructive manner. The weak current may be a pulse-type weak current. 

[0083] Figure 5 shows another construction of a memory device according to the invention. The memory device 
shown in Figure 5 has a structure in which a structure of [the magnetic film V / the non-magnetic metal film 2 / the soft 

25 magnetic film 3] shown in Figure 4 is stacked a plurality of times via the non-magnetic metal film 2. In addition, the 
coercive forces of the plurality of magnetic films 1' included in the stacked structure are different from each other. If 
the number of magnetic films V in which the magnetization thereof is not inverted by a predetermined signal magnetic 
field is related to a desired value, multivalue information can be stored in the plurality of magnetic films 1\ In this way, 
it is possible to obtain a memory device capable of storing multivalue information. For example, such a memory device 

30 operates as shown in Figures 7A to 7C. 

[0084] The construction of an amplifying device according to the invention is the same as that of the above-described 
memory device according to the invention except for the coercive forces of the magnetic films 1 '. Therefore, the detailed 
description thereof is omitted. 

[0085] Next, the operation of the amplifying device according to the invention will be described. 
35 [0086] First, the amplifying device is initialized (see Figure 8A). That is, a strong current pulse is caused to flow 
through the conductor line 5, the magnetization of the magnetic film 1' is fixed in one direction. The amplifying device 
is constituted so that the magnetization easy axis of the magnetic film 1' substantially agrees with the direction of the 
magnetic field produced by the strong current pulse. 

[0087] Then, in order to perform the amplifying operation, a weak current proportional to an input voltage is caused 
40 to flow through the conductor line 5 (see Figure 8B). By the weak magnetic field caused by the alternating weak current, 
a rotation of the magnetization of the magnetic film V (or movement of magnetic domain walls) does not occur, but a 
rotation of the magnetization of the soft magnetic film 3 (or movement of magnetic domain walls) occurs. Accordingly, 
the resistance of the magnetoresistive change portion 11 including the structure of [the magnetic film Y I the non- 
magnetic metal film 2 / the soft magnetic film 3] is varied depending on an angle formed by the direction of the mag- 
45 netization of the magnetic film 1' and the direction of the magnetization of the magnetic film 3. As a result, an amplified 
output can be obtained (see Figure 8C). 

[0088] The memory device according to the invention is different from the magnetoresistance effect type head ac- 
cording to the invention in that the magnetic film 1" is not necessarily required to be a hard magnetic film with a large 
coercive force in the memory device of the invention. In the memory device of the invention, it is sufficient that the 
50 magnetic Film Y is a semi-hard magnetic film, as far as the magnetic film has a coercive force larger than that of the 
soft magnetic film 3. The reason is that, when information is written into the memory device, it is necessary to invert 
the magnetization of the magnetic film 1 \ In view of the reliability, it is desired that the magnetic film 1 " is a hard magnetic 
film. However, in view of the reduction of the current for storing information, it is desired that the magnetic film 1' is a 
semi-hard magnetic film. 

55 [0089] In the amplifying device according to the invention, it is desired that the magnetic film 1" is a hard magnetic 
film, because the magnetization of the magnetic film Y is required not to be inverted by the signal magnetic field. 
However, in practice, there is no problem if the magnetic film Y is not necessarily a hard magnetic film, as far as the 
magnetic film Y is a magnetic film having a magnetization curve with a good square feature. The reason is that the 

i 
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signal current flowing through the conductor line 5 during the amplifying operation is small, and hence the magnetic 
field produced by the signal current is also small. 

[0090] In addition, in the above-described magnetoresistance effect device, the magnetoresistance effect type head, 
the memory device, and the amplifying device, a magnetic film 3' may be inserted at, at least one of the interface 

5 between the magnetic film 1 (or the magnetic film 1") and the non-magnetic metal film 2, and the interface between 
the soft magnetic film 3 and the non-magnetic film 2. In this case, it is preferred that the magnetic film 3' is a magnetic 
film including Co as a main component. It is preferred that the magnetic film 3* has a thickness of 0.1 to 1 nm. In the 
case where the thickness of the magnetic film 3 f is 0.1 nm or less, the effect for improving the MR ratio is small. On 
the other hand, it is not desired that a magnetic film 3* is attached to have a thickness of 1 nm or more at the interface 

10 with the soft magnetic film 3, because the deteriorate the soft magnetic property of the soft magnetic film 3. By inserting 
a magnetic film 3* as described above, the magnetic scattering at the respective interfaces of the films is increased. 
As a result, it is possible to obtain a device with a larger MR ratio. 

[0091] Alternatively, a magnetic film 3' may be inserted between the hard magnetic film 1 (or the magnetic film 1') 
and the non-magnetic metal film 2. The magnetic film 3* is provided on both faces or on one face of the hard magnetic 

15 film 1 (or the magnetic film In this case, it is sufficient that the thickness of the magnetic film 3' is set in the range 
of 0.1 to 2 nm. It is also sufficient that the composition of the magnetic film 3' includes at least one element selected 
from Co, Ni, Fe as the main component If the thickness of the magnetic film 3* is smaller than 0.1 nm, the effect for 
improving the MR ratio is small. On the other hand, if the thickness of the magnetic film 3' is 2 nm or more, the square 
feature of the magnetization curve and the coercive force of the hard magnetic film 1 (or the magnetic film V) may be 

20 easily degraded. In the case where the magnetoresistance effect device is used for the magnetic head and the like, it 
is especially desired that the thickness of the magnetic film 3' is 1 nm or less. This is because that the magnetization 
curve of the magnetic film 1 exhibits a good square feature, and the magnetic film 1 is required to be a hard magnetic 
film having a relatively large coercive force. 

[0092] Figure 2A shows an example in which, in the sandwich-type magnetoresistance effect device shown in Figure 
25 1 a, the magnetic film 3' is inserted at the interface between the hard magnetic film 1 (or the magnetic film V) and the 
non-magnetic metal film 2. 

[0093] Figure 2B shows an example in which, in the stacked-type magnetoresistance effect device shown in Figure 
1 B, the magnetic film 3' is inserted at the interface between the hard magnetic film 1 (or the magnetic film V) and the 
non-magnetic metal film 2. In Figure 2B, the magnetic film 3' is provided on both faces of the hard magnetic film 1 (or 
30 the magnetic film 1'). It is also appreciated that the magnetic film 3' may be provided on only one face of the hard 
magnetic film 1 (or the magnetic film 1'). The magnetoresistance effect device shown in Figure 2B shows a larger MR 
ratio, as compared with the magnetoresistance effect device shown in Figure 2A. 

[0094] In the case where the stacked-type magnetoresistance effect device as shown in Figures 1B and 2B is used, 
it is preferred that the respective thicknesses of the hard magnetic film 1 (or the magnetic film 1'), the non-magnetic 

35 metal film 2, the soft magnetic film 3, and the magnetic film 3' are not so large, considering the mean free path of 
electrons. The MR ratio is increased as the stacked number of components is incressed. When the components are 
stacked three times or more, the effect is remarkably observed. When the components are stacked ten times or more, 
the effect is substantially saturated. In view of the sheet resistance, the stacked number of films is desired to be five 
times or less, except for the cases where a current is caused to flow in a direction perpendicular to the film face during 

40 the operation. 

[0095] It is necessary that the magnetization curve of the hard magnetic film 1 (or the magnetic film V) has a good 
square feature. In this specification, a "good square feature" is defined so that the square ratio S (= remnant magnet- 
ization / saturation magnetization) is 0.7 or more. 

[0096] Figures 9A to 9C show the relationships between the square ratio S of the hard magnetic film 1 (or the magnetic 
<5 film 1") and the MR curve of the magnetoresistance effect device according to the invention. As is seen from Figures 
9A to 9C, when the square ratio S is smaller than 0.7, the MR curve in the vicinity of the zero magnetic field is deteri- 
orated. The deterioration of the MR curve in the vicinity of the zero magnetic field may deteriorate the reproduction 
sensitivity and the linearity of the magnetoresistive type head and the amplifying device, and also a memory device 
may erroneously operate during the recording and reproduction due to the erroneous operation of magnetization in- 
50 version of the magnetic film 1'j As described above, it is important that the hard magnetic film 1 (or the magnetic film 
V) is unidirectionally magnetized, and hence the magnetic film has such a character that the magnetized state is kept 
and the magnetization is not inverted in a weak magnetic field. 

[0097] In the magnetoresistance effect type head according to the invention, the magnetization of the magnetic film 
1 is fixed in one direction. Accordingly, the magnetic film 1 is required to be a hard magnetic film having a large coercive 
55 force, and it is desired that the coercive force in the bulk state or in the thick film state of a film of the same composition 
is 500 Oe or more. In addition, it is desired that the magnetic film 1 has a good corrosion resistance. Examples of the 
material for the magnetic film 1: include Co 0 75 Pt 0 2 5, Co 0 84 Ta 0 02 Cr 0 14 , Co 0 joPtQ 10 Cr 0 12 , Co 0 5 Fe 0 .5, and the like. At 
present, in view of the coercive force and the corrosion resistance, CoPt is the most suitable material. In view of the 
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MR ratio, CoFe is the most suitable material. The Curie temperatures of these films are sufficiently higher than the 
N6el temperature of the Fe-Mn film which is used in the conventional spin valve. Thus, the dependence of the char- 
acteristics of these films on temperature can advantageously be reduced. 

[0098] In the memory device according to the invention, it is again important that the magnetization curve of the 
magnetic film 1' has a good square feature, but the coercive force of the magnetic film Y is not so important. During 
the information recording, it is necessary to invert the magnetization of the magnetic film 1' by allowing a current to 
flow through the conductor line. Accordingly, the magnetic film 1" may alternatively be a semi-hard magnetic film of 
Co 0 5 Fe 0 5 , Co, or the like. The coercive force of the magnetic film V can be adjusted by changing the film thickness. 
In such an application, the magnetic film V may be a semi-hard magnetic film of 

CO 0 . e Pt a ., 



or the like having a thickness of 3 nm or less. 

15 [0099] In the amplifying device according to the invention, the magnetization of the magnetic film 1' is fixed in one 
direction. Accordingly, it is desired that the magnetic film 1 ' is made of a hard magnetic material having a large coercive 
force. However, in practical use, the magnetic film 1" may be made of a semi-hard magnetic material. This is because 
the signal current which flows .through the conductor line 5 is very small, so that the magnetic field produced by the 
signal current is also very small. 

20 [0100] The magnetic film 3 is required to have a soft magnetic property in which the magnetization can easily be 
inverted by a small magnetic field so that the magnetoresistance can easily be changed. Also, it is preferred that the 
soft magnetic film 3 is a film with low magnetostriction. This is because, if a film has high magnetostriction in practical 
use, it may often cause a noise, and there occurs a variation in characteristics among the fabricated devices. In order 
to satisfy the above-mentioned conditions, it is desired that an Ni-rich soft magnetic film having the following material 

25 as the main component: 

Ni x Co y Fe 2 (1) 

30 and the atomic composition ratio of the material satisfy: 

6.6 <> X < 0.9, 0 < Y < 0.4, 0 < Z <; 0.3 and X + Y + Z = 1 (V). 

35 Representative examples of such a material include Ni 0 8 Fe 0 15 Co 0 05 , Ni 0 8 Fe 0 .iCo 0 1( Ni 0 68 Co 0 2 Fe 0 12 ar, d tne |ike - 
Alternatively, if a Co-rich soft magnetic film is used, a large change of magnetoresistance can be obtained, although 
such a film is inferior to the above-mentioned Ni-rich soft magnetic film in the soft magnetic property. A Co-rich soft 
magnetic film includes the following material as the main component: 



Ni x ,Co y .Fe z . (2) 
and the atomic composition ratio of the material satisfy: 

0 < X' < 0.4, 0.2 < Y < Y' 0.95, 0 < T < 0.3 and X' + Y' + Z' = 1 (2') 



[0101] Representative examples of such a film include Co 0 44 Fe 0 3 Ni 0 26 , Co o.6 Fe o.2 N 'o.2» Co o.7 Fe o.2 N 'o.i and tne 
like. When the composition ratios of these films satisfy the conditions of (V) and (2'), the low magnetostriction which 
is required for the magnetoresistance effect device such as a sensor or an MR head can be attained (i.e., the magne- 
tostriction is at about 1 x 10^ or less). 

[0102] Alternatively, the soft magnetic film 3 may be a film of the Co-based amorphous alloy Co 0 75 Fe 0 osB 0 2 - The 
Co-based amorphous alloy film has such a disadvantage that the specific resistance is somewhat higher as compared 
with the above-described materials for the soft magnetic film, but has such advantages that the magnetization can be 
inverted in a very weak magnetic field, and that the film has a high magnetic permeability substantially at a zero mag- 
netostriction. 

[0103] The non-magnetic metal film 2 is desired to be less reactive and to be difficult to form a solid solution at the 
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interface with the hard magnetic film 1 (or the magnetic film Y) and at the interface with the soft magnetic film 3. Also, 
the non-magnetic metal film 2 is required to be a film which can form a flat and clear interface with the magnetic film. 
In addition, the non-magnetic metal film 2 is required to be non-magnetic, in order to cutthe magnetic coupling between 
the hard magnetic film 1 (or the magnetic film V) and the soft magnetic film 3. For the non-magnetic metal film 2, Cu r 

5 Ag, Au or the like is suitable. In view of the MR characteristic, Cu is the moat suitable material. If the thickness of the 
non-magnetic metal film 2 is 10 nm or more, the MR ratio of the whole device is reduced. Accordingly, the thickness 
of the non-magnetic metal film 2 is set to be less than 5 nm. On the other hand, if the thickness of the non-magnetic 
metal film 2 becomes smaller than 1 nm, the hard magnetic film 1 (or the hard magnetic film 1 ') is magnetically coupled 
with the soft magnetic film 3, and hence a large magnetoresistance effect cannot be attained. 

10 [0104] A magnetic film 3' which is inserted between the hard magnetic film 1 (or the magnetic film V) and the non- 
magnetic metal film 2, or between the soft magnetic film 3 and the non-magnetic metal film 2 can increase the mag- 
netoresistance effect. In order to attain such an effect, the magnetic film 3* includes Co or at least one element selected 
from Ni, Co, and Fe as the main component. Alternatively, the magnetic film 3' may be made of Co. Co 0 7 Fe 0 A or 
CoQ^FeQ^IMio ! 

15 

! 

Co 0 7 Fe 0 2 Ni 0 A or the like for the above-mentioned soft magnetic film 3. 
20 [0105] The yoke 4 of the magnetic head shown in Figure 3 is desired to be soft magnetic and to have high magnetic 
transmittance. As the yoke 4, a Co-based amorphous magnetic alloy film is suitably used. As an example thereof, 




25 

is used. 

[0106] The conductor line 5 of the memory device (or the amplifying device) shown in Figure 4 is a low-resistive 
metal-film line for generating a magnetic field. In the case where memory devices are arranged in a matrix, conductor 
lines may not intersect each other as shown in Figure 15A or conductor lines may interaect each other on respective 

30 devices as shown in Figure 15B. 

[0107] In Figure 15A, My (i = 1 to 3; j = 1 to 3) indicates a magnetoresistive change portion, to W 3 indicate 
conductor lines (word lines), and S 1 to S 3 indicate sense lines. The sense lines S 1 to S 3 are formed by the magnetore- 
sistive change portions M,j (shaded portions in the figure) and shunting conductor portions (white portions in the figure). 
For example, when information is to be stored into a magnetoresistive change portion M 11t a current is allowed to flow 

35 through the word line W 1 and the sense line S 1( As a result, information is stored in the magnetoresistive change 
portion M n by a synthetic magnetic field produced by the current flowing through the word line W 1 and the sense line 
S v When the information stored in the magnetoresistive change portion is to be reproduced, a pulse current is 
allowed to flow through the word line W v By detecting the change of resistance of the sense line S t which is caused 
by the current flowing through the word line W 1? the information stored in the magnetoresistive change portion can 

40 be read out. 

[0108] In Figure 15B, M,j (i = 1 to 2; j = 1 to 3) indicates a magnetoresistive change portion, W., to W 2 and and 
W 2 indicate conductor lines (word lines), and S t and S 2 indicate sense lines. The sense lines S 1 and S 2 are formed 
by the magnetoresistive change portions M,j (shaded portions in the figure) and shunting conductor portions (white 
portions in the figure). For example, when information is to be stored into a magnetoresistive change portion M 11t a 

45 current is allowed to flow through the word line W 1 and the word line W' v As a result, information is stored in the 
magnetoresistive change portion by a synthetic magnetic field produced by the current flowing through the word 
line W t and the word line W'-,. When the information stored in the magnetoresistive change portion is to be repro- 
duced, a pulse current is allowed to flow through the word line W v By detecting the change of resistance of the sense 
line which is caused by the current flowing through the word line W 1f the information stored in the magnetoresistive 

so change portion can be read out. 

[0109] Hereinafter, the invention will be described by way of specific examples. 

(Example 1) 

55 [0110] By using Ni 0 68 Co 0 2 Fe 0 12 (the soft magnetic film 3), Cu (the non-magnetic metal film 2), and Coo.75Pto.25 
(the hard magnetic film 1) as targets (the composition ratios are all indicated by atomic %), the sandwich-type mag- 
netoresistive device as shown in Figure 1A and the stacked-type magnetoresistive device as shown in Figure 1B were 
fabricated on a substrate by a multi-target sputtering apparatus. The sandwich-type magnetoresistive device had the 
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following structure: t 

A : the substrate / CoNiFe (15) / Cu (2.2) / CoPt (10) (parenthesized values indicate the thicknesses (nm)), and 

the stacked-type magnetoresistive device had the following structure: 

A' : the substrate / [CoNiFe (3) / Cu (2.2) / CoPt (5) / Cu {2.2)f. 
5 [01 11] The respective film thicknesses were controlled by using a shutter, and CcPt of the hard magnetic film 1 was 

magnetized. Then, the MR characteristics of the obtained devices were measured at room temperature in the applied 

magnetic field of 100 oe. The MR ratios for the devices having the structures A and A' were 4% and 6%, respectively. 

The widths of the magnetic field in which the MR was varied were 3 Oe and 5 Oe, respectively. From this figure, the 

following facts are found. As compared with the case where a magnetic film having different coercive forces is used 
10 as shown in Figure 11 , the device of the invention can operate in a very weak magnetic field and the linearity property 

is improved. As compared with the anti-ferromagnetic coupling type shown in Figure 12, the operating magnetic field 

of the device of the invention -is small. As compared with the spin valve using the anti-ferromagnetic film shown in 

Figure 13, the device of the invention has an improved MR ratio. 

15 (Example 2) j 

[0112] In the same way as that in Example 1, by using Co 0 j 5 Pto. 2 5 (the hard magnetic film 1), Co 0 7 Ni 0 ^Feo 2 (the 
soft magnetic film 3), and Cu (the non-magnetic metal film 2) as targets, the hard magnetic film 1, the non-magnetic 
metal film 2, the soft magnetic film 3, and the non-magnetic metal film 2 were sequentially deposited. Thus, a multilayer 
20 film having the following structure was fabricated: 

B : the substrate / [NiCoFe (6) / Cu (2.2) / CoPt (5) / Cu (2.2)] 20 . 

[0113] The material of CoPt of the hard magnetic film 1 was magnetized, and than the hard magnetic film 1 was 
made to have a columnar shape of 25 u.m x 25 jim by using a lithography technique. Thereafter, the MR characteristics 
of the device were measured by a 4-terminal mathod using lithography. The MR ratio was 18% in the applied magnetic 
25 field of 100 Oe, and the width of the magnetic field in which the MR was varied was 20 Oe. 

(Example 3) ; 

[0114] On a substrate including a ferrite (7-1 ) and an insulating film (7-2), the hard magnetic film 1 , the non-magnetic 
30 metal film 2, and the soft magnetic film 3 were sequentially deposited by a multi-target sputtering apparatus by using 

CO fl4?l Pt D4 i 5 



35 (the hard magnetic film 1), Cu (the non-magnetic metal film 2), and Ni 068 Co 02 Fe 0 12 (the soft magnetic film 3) as 
targets. The material of CoPt of the hard magnetic film 1 was magnetized. An insulating film 6 and CoNbZr were 
deposited thereon by using Si0 2 (the insulating film 6) and Co 0 02 Nb 0 12 Zr 0 06 (the yoke 4) as targets. The deposited 
films were patterned by lithography, so as to produce the yoke portion 4. As a result, megnetoresistance effect type 
heads (MR heads) as shown in Figure 3 having the following structures were fabricated: 

40 c : the substrate / CoPt (15) / Cu (2.2) / NiCoFe (15) / Si0 2 (100) / CoNbZr (1000), and 

C : the substrate / [CoPt (5) / Cu (2.2) / NiCoFe (4) / Cu (2.2) ] 3 / Si0 2 (100) / CoNbZr (1 000). 
[01 15] As a comparative example, an MR head having a conventional structure in which the conventional materials 
of Ni 0 8 Fe 0 2 and Co 062 Nb 0 12 Zr 0 06 were respectively used for the magnetoresistance effect film and the yoke was 
fabricated. An alternating current signal magnetic field of 100 Oe was applied to both of the conventional MR head end 

45 the MR heads of the invention, so as to compare the reproduction outputs of the respective heads. It was found that 
the MR heads having the structures C and C of the invention could attain the outputs which were respectively about 
1.5 times and 3 times as large as those of the conventional MR head as the comparative example. 

i 

(Example 4) 

50 { 

[0116] By using 



(the magnetic film 1'), Co 0 7 Ni 0 ^Feo 2 (the soft magnetic film 3), and Cu (the non-magnetic metal film 2) as targets, the 
hard magnetic film V, the non-magnetic metal film 2, and the soft magnetic film 3 were sequentially deposited. Thus, 
a magnetoresistive change portion of a sandwich type as shown in Figure 1 A having the following structure was fab- 
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ricated: •■ 

D : [CoNiFe (10) / Cu (2.2) / CoPt (2)]. 

Figure 14 shows the MR curve of the magnetoresistive change portion. On the magnetoresistive change portion, an 
Si0 2 insulating film was deposited. Then, AuCr for conductor lines was deposited thereon. As a result, a memory 

5 device as shown in Figure 4 was fabricated. 

[0117] In order to check the operation of the memory device, a current was allowed to flow through the conductor 
line 5 as shown in Figure 6A, so as to unidirectionally magnetize the magnetic film 1\ Than, as shown in Figure 6B, 
a weak current was allowed to flow through the conductor line 5, so as to align the magnetization of the soft magnetic 
film 3 in one direction. Thereafter, as shown in Figure 6C, the weak current flowing through the conductor line 5 was 

10 reversed, and the change of resistance in the magnetoresistive change portion was measured at this time. It was 
confirmed that the change of resistance was definitely changed to be plus (increase) or minus (decrease) depending 
on the magnetized direction recorded in the magnetic film 1\ as shown in Figure 6D. 

i 

(Example 5) j 
is ; 

[0118] By using Co 0 7Q P\q A0 Cr 0 12 (the hard magnetic film 1), 

» 

Ni&, ft Fe 0 ,j|Co 0 . 03 

20 

(the soft magnetic film 3), and Cu (the non-magnetic metal film 2) as targets, the hard magnetic film 1 , the non-magnetic 
metal film 2, and the soft magnetic film 3 were sequentially deposited. Thus, a magnetoresistive change portion having 
the following structure was fabricated: 
E : [CoPtCr (5) / Cu (2.3) / NiFeCo (10)]. 
25 Then, an Si0 2 insulating film was deposited on the thus fabricated portion. Then, AuCr for conductor lines was depos- 
ited, so as to obtain an amplifying device. 

[0119] In order to check the amplifying device, as shown in Figure 8A, a large current was allowed to flow through 
the conductor line 5, so as to magnetize the hard magnetic film 1 in one direction. Then, an input alternating voltage 
was applied to the conductor line 5 as shown in Figure 8B, and a weak current was allowed to flow, so as to cause the 
30 magnetization rotation of the soft magnetic film 3. While a voltage was being applied to the magnetoresistive change 
portion, the change of output voltage due to the change of resistance in the magnetoresistive change portion was 
measured. It was confirmed that the input voltage was amplified, as shown in Figure 8C. 

(Example 6) 

35 

[0120] By using Ni 0 68 Co 02 Fe 0 12 (the soft magnetic film 3), Co (the magnetic film 3'), Cu (the non-magnetic metal 
film 2), and Co 0 75 Pt 0 25 (the hard magnetic film 1) as targets (the composition ratios are all indicated by atomic %), a 
sandwich-type magnetoresistive device and a stacked-type magnetoresistive device were fabricated on a substrate 
by a multi-target sputtering apparatus. The sandwich-type magnetoresistive device hod the following structure: 
40 F : the substrate / NiCoFe (10) / Co (0.2) / Cu (2) / Co (0.2) / CoPt (3) (parenthesized values indicate the thicknesses 
(nm)), and * 

the stacked-type magnetoresistive device had the following structure: 

P : the substrate / [NiCoFe (3) / Co (0.2) / Cu (2) / Co (0.2) / Copt (3) / Co (0.2) / Cu (2)f* I NiCoFe (3), 
where N indicates the stacked number of films and N is 5 in this example. The respective film thicknesses were con- 
45 trolled by using a shutter, and Copt of the hard magnetic film 1 was magnetized. Than, the MR characteristics of the 
obtained devices were measured at room temperature in the applied magnetic field of 100 Oe. The MR ratios for the 
devices having the structures F and F' were 6% and 8%, respectively. The widths of the magnetic field in which the 
MR was varied were 3 Oe and 5 Oe, respectively. Figure 10 shows an exemplary MR curve of the stacked-type device. 



so (Example 7) 



[0121] By using Ni 0 68 Co 0 2 Fe 0 12 (the soft magnetic film 3), Co 0 7 Fe 0 2 Ni 0 p1 (the magnetic film 3'), Cu (the non-mag- 
netic metal film 2), and Co 0 75 Pto 25 (the hard magnetic film 1) as targets (the composition ratios are all indicated by 
atomic %), the sandwich-type magnetoresistive device as shown in Figure 2A and the stacked-type magnetoresistive 
55 device as shown in Figure 2B wore fabricated on a substrate by a multi-target sputtering apparatus. The sandwich- 
type magnetoresistive device had the following structure: 

G : the substrate / NiCoFe (15) / Cu (2.3) / CoNiFe (0.5) / CoPt (10) (parenthesized values indicate the thicknesses 
(nm)), and 
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the stacked-type magnetoresistive device had the following structure: 
G' : the substrate / [NiCoFe (7) / Cu (2.2) / CoNiFe (0.5) / CoPt (4) / CoNiFe (0.5) / Cu (2.2)]* 
where N indicates the stacked number of films and N is 5 in this example. The respective film thicknesses were con- 
trolled by using a shutter, and CoPt of the hard magnetic film 1 was magnetized. Then, the MR characteristics of the 

5 obtained devices were measured at room temperature in the applied magnetic field of 100 Oe. The MR ratios for the 
devices having the structures G and G' were 6% and 9%, respectively. The widths of the magnetic field in which the 
MR was varied were 3 Oe and 5 Oe, respectively. As a comparative example, devices in which Co 0 7 Fe 0 2 Ni 0 A (the 
magnetic film 3') was not inserted at the interface were fabricated. The MR ratios of the comparative examples were 
4% and 6% which were lower than those of the devices of the invention. 

w \ 
(Example 8) j 

[0122] On a substrate including a ferrite (7-1) and an insulating film (7-2), a magnetoresistive device portion having 
the following structure was fabricated by a multi-target sputtering apparatus by using Co 0 75 Pto 25 (the hard magnetic 
15 film 1), Cu (the non-magnetic metal film 2), Ni 068 Co 02 Fe 0 12 (the soft magnetic film 3), and Co (the magnetic film 3') 
as targets: j 

H : [NiCoFe (7) / Cu (2.1) / Co ; (0.4) / CoPt (4) / Co (0.4) / Cu (2.1 )p. 

The material of CoPt of the hard magnetic film 1 was magnetized. An insulating film 6 and CoNbZr were deposited 
thereon by using Si0 2 (the insulating film 6) and Co 0 82 Nb 0 12 Zr 0 06 as targets. The deposited films were patterned by 
20 lithography, so as to produce the yoke portion 4. As a result, a magnetoresistance effect type head (an MR head) as 
shown in Figure 3 having the following structure was fabricated: 

I : the substrate / [NiCoFe (7) / Cu (2.1 ) / Co (0.4) / CoPt (4) / Co (0.4) / Cu (2.1 )p / Si0 2 (1 00) / CoNbZr (1 000). 
As a comparative example, an MR head having a conventional structure in which the conventional materials of 
Ni 0 8 Fe 0 2 and Co 0 82 Nb 0 12 Zr 0 06 were respectively used for the magnetoresistance effect film end the yoke was fab- 
25 ricated. An alternating current signal magnetic field of 100 Oe was applied to both the conventional MR head and the 
MR head of the invention, so as to compare the reproduction outputs of the respective heads. It was found that the 
MR head having the structure I of the invention could attain an output which was about 4 times as large as that of the 
conventional MR head as the comparative example. 

30 (Example 9) 

i 

[0123] By using Co 0 8 Pt 0 2 (the magnetic film V), Co 0 6 Ni 0 2 Fe 0 2 (the soft magnetic film 3, the magnetic film 3'), and 
Cu (the non-magnetic metal film 2) as targets, the magnetic film 1\ the non-magnetic metal film 2, and the soft magnetic 
film 3 were sequentially deposited. Thus, a magnetoresistive change portion of a sandwich type as shown in Figure 
35 2A having the following structure was fabricated: 
J : [CoNiFe (10) / Cu (2) / CoNiFe (0.7) / CoPt (2)]. 

On the magnetoresistive change portion, an Si0 2 insulating film was deposited. Then, AuCr for conductor lines was 
deposited thereon. As a result, a memory device was fabricated. 

[01 24] In order to check the operation of the memory device, a large current was allowed to flow through the conductor 
40 line 5 as shown in Figure 6A, so as to unidirectionally magnetize the magnetic film 1\ Then, as shown in Figure 6B, a 
weak current was allowed to flow through the conductor line 5, so as to align the magnetization of the soft magnetic 
film 3 in one direction. Thereafter, as shown in Figure 6C, the weak current flowing through the conductor line 5 was 
reversed, and the change of resistance in the magnetoresistive change portion was measured at this time. It was 
confirmed that the change of resistance was definitely changed to be plus (increase) or minus (decrease) depending 
45 on the magnetized direction recorded in the magnetic film 1\ as shown in Figure 6D. In addition, it was found that the 
output was 1 .5 time or more as large as that of a conventional memory device using NiFe. In this example, the reference 
numeral V in Figures 6A to 6C denotes a film including the magnetic film 1' and the magnetic film 3\ 
[0125] Next, the megnetoresistive change portion was fabricated so as to have the following stacked structure: 

50 . 

J' - [CoNiFe (5) / Cu (2) / CoNiF* (0,6) / CoPt (2) / 
CoNiFe (0.6) / Cu (2)] 9 . 

55 

A memory device was fabricated by using the magnetoresistive change portion having the stecked structure. In the 
same way as described above, the operation of the memory device was checked. It was confirmed that, during the 
information read-out, the output voltage of the memory device having the structure J' was about twice as high as that 



15 



EP 1 126 531 A2 

of the memory device having the structure J. 
(Example 10) ; 

5 [0126] By using COosPt^, 9oo.86 Cr o.i2 Ta o.02» Fe o.5 Ni o.5 ( tne magnetic films 1, 1", and 1"), Cu (the non-magnetic 
metal film 2), end j 

.13 

10 ! 

(the soft magnetic film 3) as targets, a magnetoresistive change portion having the following stacked structure was 
fabricated: ; 

K : [CoPt (3) / Cu (2.2) / NiCoFe (4) / Cu (2.2) / CoCrTa (3) / Cu (2.2) / NiCoFe (4) / Cu (2.2) / NiFe (3) / Cu (2.2) / 
NiFeCo (4)]. \ 

15 An Si0 2 insulating film was deposited thereon. Thereafter, AuCr for conductor lines was deposited, so as to fabricate 
a memory device as shown in 'Figure 5. 

[0127] In order to check the [operation of the memory device, the following two types of memory devices were pro- 
vided. One type of memory device was provided in such a manner that a current was allowed to flow through the 
conductor line 5 as shown in Figure 7A, and the magnetization of the three kinds of magnetic films 1 , 1 \ and 1 "(NiFe) 

20 and the magnetization of the soft magnetic film 3 was inverted, so as to record information. The other type of memory 
device was provided in such a manner that a magnetic field which is smaller than the coercive force of the magnetic 
films 1 end 1' (CoPt, CoCrTa) but larger than the coercive force of the magnetic film 1" was produced, and hence the 
magnetization of the magnetic film 1" and the magnetization of the soft magnetic film 3 (NiCoFe) was inverted, so as 
to record information. Next, as shown in Figure 7B, a weak current pulse was allowed to flow through the conductor 

25 line 5, so that only the magnetization of the soft magnetic film 3 was inverted, and the change of resistance of the 
magnetoresistive change portion at this time was messured. As shown in Figure 7C, it was confirmed that the magni- 
tudes of the change of resistance were different depending on the number of the magnetic films (1 , 1 \ 1 ") in which the 
magnetization had been inverted during the recording of the information. This means that multivalue information can 
be stored in such a memory device. 

30 [0128] In the following Examples 11 to 17, other embodiments of magnetoresistance effect devices, magnetoresist- 
ance effect type head, and memory device of the present invention will be described. Although an example of the 
amplifying device will not be described, the amplifying device of the invention may be constructed in the same manner 
as the memory device, as described in the above-mentioned examples. 

[0129] As shown in Figures 16A and 16B, in this magnetoresistance effect device, a soft magnetic film 21 with a 
35 thickness of 1 to 20 nm, a hard magnetic film 23 with a thickness of 1 to 20 nm, having respectively different coercive 
forces, are alternately stacked, and non-magnetic metal films 22 with a thickness of 1 to less than 5 nm are interposed 
between the soft magnetic films 21 and the hard magnetic film 23 to be alternately stacked. In this case, the main 
component of the soft magnetic film 21 is expressed by the following formula: 

40 

Ni x Co Y Fe z (3) 
[0130] In the above formula,; X, Y and Z designate atomic composition ratios which satisfy: 

45 

0.6 < X < 0.9, 0 < Y < 0.4, 0 < 2 < 0.3 and X + Y + Z = 1 (4) 

[01 31] The hard magnetic film 23 is composed of a CoFe based material having a relatively large resistance variation 
ratio AR/R, and the main component thereof is expressed by the following formula: 

50 

f 

COyFe^y (5) 
where Y is expressed by an atomic composition ratio: 

55 

! 0.3 < Y <; 0.7 (6) 
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[0132] Also, the CoFe based material to which V is added has a very satisfactory square ratio of 0.9 or more, and 
the component thereof is expressed by the following formula: 

: (Co z Fe l . 2 ) 2 .V 1 . z . (7) 

where Z and Z' are expressed by the atomic composition ratios as follows: 

! 0.3<Z<0.7 0.9 <Z'< 0.98 (8) 

i 

[0133] In particular, if adding V when 0.9 < Z' £ 0.98, as shown in Figure 17, the saturation magnetic field strength 
Hs of the MR curve is reduced|in the case where the amount to be added is small, i.e., in the range of 0.02 to 0.04 %, 
so that the characteristics, optimized for using this device as a memory device, may be obtained. On the other hand, 
in the case where the added amount is large, i.e., in the range of 0.05 to 0.1 %, the saturation magnetic field strength 
Hs of the MR curve is increased, so that the characteristics optimal for a magnetoresistance effect device and a mag- 
netoresistance effect type head are exhibited. 

[0134] The non-magnetic metal film 22 is preferably composed of a material showing little reaction with a Ni-Co-Fe 
based magnetic material in the interface therebetween, and therefore any of Cu, Ag and Au is suitably used. 
[0135] In the case where such a material is used for a magnetoresistance effect device and a magnetoresistance 
effect type head, the soft magnetic film 21 is composed of a soft magnetic material exhibiting a small magnetostriction, 
a small coercive force, and a satisfactory square feature, while the hard magnetic film is composed of a semi-hard or 
a hard magnetic material exhibiting a relatively large coercive force and a satisfactory square feature. 
[0136] Also, the soft magnetic film 21 is not necessarily a ternary film such as that described above, but may be a 
binary magnetic film having soft magnetism and a relatively large resistance variation ratio AR/R, e.g., a Ni-Co based 
binary magnetic film. 

[0137] For example, the main component of the soft magnetic film 21 is expressed by the following formula. 

NixCo^x (11) 

where X is expressed by an atomic composition ratio as follows: 

0.05 <£ X< 0.4 (12) 

[0138] In the case where the soft magnetic films 21 and the hard magnetic films 23 are alternately stacked with non- 
magnetic metal films 22 interposed therebetween, if the thickness of the soft magnetic film 21 is set to be larger than 
that of the hard magnetic film 23, then a large resistance variation ratio may be obtained in very small magnetic fields, 
as shown in Figure 18. i 

[01 39] Since the soft magnetic film 21 and the hard magnetic film 23 have different coercive forces and the two kinds 
of films 21 and 23 are separated from each other with the non-magnetic metal film 22 interposed therebetween, an 
application of a weak magnetic field H causes the rotation of spins in the soft magnetic film 21 with soft magnetism in 
a direction indicated by the arrow A! shown in Figures 16A and 16B. On the other hand, the spine in the hard magnetic 
film 23 with hard or semi-hard magnetism have not been reversed yet as indicated by the arrow B v Therefore, in such 
a case, the spin alignment direction in the soft magnetic film 21 becomes opposite to the spin alignment direction in 
the hard magnetic film 23 and the spin scattering of the conductive electrons in the two films becomes maximum, so 
that electrical resistance values become large. 

[0140] If further applying stronger magnetic field, as shown in Figure 16B, the spins in the hard magnetic film 23 are 
also reversed as indicated by the arrow B 2 . As a result, the spin alignment direction in the soft magnetic film 21 becomes 
parallel to the spin alignment direction in the hard magnetic film 23; the spin scattering of the conductive electrons 
becomes small; and the electrical resistance values are reduced. 

[0141] Figure 19 shows the values of the resistance variation ratio AR/R in the above-described magnetoresistance 
effect device in association with the variation of the applied magnetic field H. In Figure 1 9, the position 1 9a corresponds 
to the state shown in Figure 16A; while the position 19b corresponds to the state shown in Figure 16B. The resistance 
variation ratio AR/R shown in Figure 19 is calculated by the following equation: 
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, AR/R = {(R F - R min )/R min } X 100 [%] (13) 

♦ 

where R F is a value of the electrical resistance corresponding to the strength of each magnetic filed H; and R min is a 
minimal value of the electrical [resistance. Figure 19 is a graph showing the relationship between the strength of the 
magnetic field H and the resistance variation ratio AR/R thus obtained. 

[0142] In this way, a large resistance variation ratio AR/R is obtained in a region where the strength of the magnetic 
field H is relatively small. However, if the non-magnetic metal film 22 is not provided, the soft magnetic film 21 is 
unintentionally coupled magnetically with the hard magnetic film 23, so that the state such as shown in Figure 1 6A can 
not be realized. Therefore, in such a case, a large magnetoresistance effect can not be obtained. 
[0143] It is preferable for the'soft magnetic film 21 to have a small magnetostriction. This is because a noise is likely 
to occur if a magnetic film having a large magnetostriction is employed for an MR head. 

[0144] If the composition ratio of a Ni-rich Ni-Co-Fe based alloy expressed by the above-described formula (3) sat- 
isfies the expression (4), then the magnetostriction of such an alloy becomes small, so that the alloy exhibits soft 
magnetism. A typical composition ratio of such an alloy is 

i 
i 



or the like. Also, in order to improve the soft magnetism, the wear resistance and the corrosion resistance, Nb, Mo, Cr, 
W, Ru and the like may be added to the composition represented by the expression (4). 

[0145] The CoFe based alloy expressed by the formula (5) exhibits a satisfactory square feature and semi-hard or 
hard magnetism when the CoFe alloy satisfies the expression (6). 

[0146] The CoFe based alloy expressed by the formula (7) to which V is added so as to satisfy the expression (8) 
may arbitrarily vary the coercive force thereof depending on the added amount of V and may improve the square feature 
thereof. 

[0147] By selecting the composition ratios in the above-mentioned manner, the magnetic films 21 and the hard mag- 
netic film 23 having respectively different coercive forces may be obtained. When the thickness of the soft magnetic 
film 21 and the hard magnetic film 23 is smaller than 1 nm, the decrease in the strength of the magnetic field owing to 
the reduction of Curie temperature and the like are disadvantageously caused at room temperature. 
[0148] Since a magnetoresistance effect device is used with an entire film thickness set at several tens of nm in 
practical use, the thickness of:the respective magnetic films 21 and 23 is required to be set at smaller than 20 nm in 
order to utilize the effects of the stacking structure to be obtained according to the present invention. Moreover, in the 
case where the film thickness of the soft magnetic film 21 exhibiting soft magnetic characteristics is set to be larger 
than that of the hard magnetic;film 23 exhibiting semi-hard magnetic characteristics or hard magnetic characteristics, 
the soft magnetic characteristics are improved and the rising of the characteristics in a very weak magnetic field be- 
comes abrupt. However, such an effect is invariable when the film thickness is larger than 20 nm. Accordingly, the 
thickness of these magnetic films 21 and 23 is preferably set in the range of 1 to 20 nm. 

[0149] The non-magnetic metal film 22 interposed between these magnetic films 21 and 23 is required to be less 
reactive with a Ni-Fe-Co based magnetic film in the interface therebetween, end is also required to be non-magnetic. 
Therefore, Cu, Ag, Au and the like are suitable as a material for the non-magnetic metal film 22. If the thickness of this 
non-magnetic metal film 22 is smaller than 1 nm, then it becomes difficult to realize the state as shown in Figure 16A, 
where the soft magnetic film 21 and the hard magnetic film 23 are magnetically coupled, and the spin alignment direc- 
tions in the soft magnetic film 21 and the hard magnetic film 23 having respectively different coercive forces become 
antiparallel to each other. < 

[0150] On the other hand, if the thickness of the non-magnetic metal film 22 exceeds 10 nm, then the electric resist- 
ance in the portion of the non-magnetic metal film 22 where no magnetoresistance effect is exhibited adversely reduces 
the variation of the resistance of the entire magnetoresistance effect device. Consequently, the thickness of the non- 
magnetic metal film 22 is preferably set in the range of 1 to 10 nm. 

(Example 11) 

[0151] Magnetoresistive devices having the following configurations (Samples Nos. A2, B2, and C2) are formed on 
a glass substrate by using a sputterer. 

i 

A2: [Co-Fe(3)/Cu(2)/Ni-Fe.(14)/Cu(2)] 
B2: [Co-Fe(3)/Au(2)/Ni-Co(14)/Au(2)] 
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C2: [Co-Fe(3)/Ag(2)/Ni-Co-Fe(14)/Ag(2)] 

i 

[0152] Samples A2 and B2 are comparative examples not falling within the scope of the claims. 

[0153] The composition ratios of Ni-Fe, Ni-Co, Ni-Co-Fe and Co-Fe are set to be Ni 08 Fe 02 , Ni 08 Co 02 , 

Nio8^°o.i Fe o.i ancl Co 0>5 Fe 0 _5 ! , respectively. The film thickness is controlled by power and shutter speed. 

[0154] In the same way, by using Co 0 5 Fe 0 5 and Ni 0 7 Co 02 Fe 0 as targets, magnetoresistive devices having the 

following configurations (Samples Nos. D2, E2, and F2) are formed on a glass substrate. 

D2: [Co-Fe(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)] 
E2: [Co-Fo(3)/Ag(2)/Ni-Co-Fe(14)/Ag(2)] 
F2: [Co-Fe(3)/Au(2)/Ni-Co-Fe(14)/Au(2)] 

[0155] Various characteristics of the obtained samples Nos. A2 to F2 of the magnetoresistive devices, i.e., the re- 
sistance variation ratio AR/R at room temperature and the switching field Ht in the rising portion, are shown in Table 
1 . The magnetizetion is measured by a vibration type magnetometer. The varying value of the electrical resistance is 
measured by a four-terminal mjethod using the samples shown in Table 1 , while applying an external magnetic field in 
a direction vertical to the direction of the flowing current so as to vary the magnetic field. 



[Table 1] 



Sample No. 


Resistance Variation Ratio AR/R (%) 


switching field Ht (Oe) 


A2 


6 


14 


B2 


4 


9 


C2 


5 


15 


02 


7 


8 


E2 


3 


15 


p 2 


4 


7 



[01 56] The film is sputtered in the magnetic field so that the easy axis of the magnetic film exhibiting soft magnetism 
crosses the easy exis of the magnetic film exhibiting semi-hard magnetism at a right angle. The magnetoresistance 
effect of the film is measured by applying a magnetic field in a direction of the magnetization hard axis of the magnetic 
film exhibiting soft magnetism.: The switching field Ht of the film shown in Table 1 are the values in the direction of the 
magnetization hard axis. 

[0157] As is apparent from Table 1, the magnetoresistance effect device of this example exhibits practical charac- 
teristics, that is to say, the device shows a large resistance variation ratio AR/R at room temperature and a relatively 
small switching field Ht in the rising portion. 

(Example 12) * 

[0158] In the same way as in Example 11, magnetoresistive devices having the following configurations (Samples 
Nos. A3, B3, and C3) are formed on a glass substrate by using a sputterer. 

A3: [Co-Fe-V(3)/Cu(2)/Ni-Fe(14)/Cu(2)] 
B3: [Co-Fe-V(3)/Cu(2)/Ni-Co(14)/Cu(2)] 
C3: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)] 

[0159] Samples A3 and B3 are comparative examples not falling within the scope of the claims. 
[0160] The composition ratios of Ni-Fe, Ni-Co, Ni-Co-Fe and Co-Fe-V are set to be Ni 08 Fe 02 , Ni 05 Co 02 , 
N 'o.8 Co o.i Fe o.i and Co o.5 Fe o.46 v o.04- respectively. The film thickness is controlled by power and shutter speed. 
[0161] In the same way, by using Co 0 49 Fe 0 46 V 0 05 and 

Nio^COo.aFOfl., 

as targets, magnetoresistive devices having the following configurations (Samples Nos, D3, E3, and F3) are formed 
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on a glass substrate. 

D3: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)] 
E3: [Co-Fe-V(3)/Ag(2)/Ni-Co-Fe(14)/Ag(2)] 
F3: [Co-Fe-V(3)/Au(2)/Ni-Co-Fe(14)/Au(2)] 

[0162] Various characteristics of the obtained samples Nos. A3 to F3 of the magnetoresistive devices, i.e., the re- 
sistance variation ratio AR/R at room temperature and the switching field Ht in the rising portion, are shown in Table 
2. The magnetization is measured by a vibration type magnetometer. The varying value of the electrical resistance is 
measured by a four-terminal method using the samples shown in Table 2, while applying an external magnetic field in 
a direction vertical to the direction of the flowing current so as to vary the magnetic field. 



[Table 2] 



Sample No. 


Resistance Variation Ratio AR/R (%) 


switching field Ht (Oe) 


A3 ; 


7 


10 


B3 j 


5 


8 


C3 ; 


4 


11 


D3 


8 


6 


E3 


5 


12 


F3 


4 


7 



[0163] The film is sputtered in the magnetic field so that the easy axis of the magnetic film exhibiting soft magnetism 
crosses the easy axis of the magnetic film exhibiting semi-hard magnetism at a right angle. The magnetoresistance 
effect of the film is measured by applying a magnetic field in a direction of the magnetization hard axis of the magnetic 
film exhibiting soft magnetism.* The switching field Ht of the film shown in Table 2 are the values in the direction of the 
magnetization hard axis. 

[0164] As is apparent from Table 2, the magnetoresistance effect device of this example exhibits practical charac- 
teristics, that is to say, the device shows a large resistance variation ratio AR/R at room temperature and a relatively 
small switching field Ht in the rising portion. 

(Example 13) 

i 

[0165] In the same way as in'Examples 11 to 12, magnetoresistive devices having the following configurations (Sam- 
ples Nos. A4, B4, and C4) are formed on a glass substrate by using a sputterer. 

A4: [Co-Fe-V(3)/Cu(2)/Ni-Fe(1 4)/Cu(2)] 
B4: [CO-Fe-V(3)/Cu(2)/Ni-Co(14)/Cu(2)] 
C4:[Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)] 

[0166] Samples A4 and B4 are comparative examples not falling within the scope of the claims. 
[0167] The composition ratios of Ni-Fe, Ni-Co, Ni-Co-Fe and Co-Fe-V are set to be 

Nio.aFe 0 . 2 , Ni fl . a Co 0 . a , 

Ni 0 8 Co 0 ^Feo i and Co 0 52 Fe 0 39 V 0 og , respectively. The film thickness is controlled by Dower and shutter speed. 
[0168] In the same way, by using 

Co fl ,» a Fe 0 .j:V 0>07 

and Ni 0 7 Co 0 2 Fe 0 -i as targets, magnetoresistive devices having the following configurations (Samples Nos. D4, E4, 
and F4) are formed on a glass substrate. 
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D4: [Co-Fe-V(3)/Au(2)/Ni-Co-Fe(14)/Au(2)] 
E4: [Co-Fe-V(3)/Ag(2)/Ni-Co-Fe(14)/Ag(2)] 
F4: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)] 

5 [0169] Various characteristics of the obtained samples Nos. A4 to F4 of the magnetoresistive devices, i.e., the re- 
sistance variation ratio AR/R at'room temperature, the switching field Ht in the rising portion and the saturation magnetic 
field Hs of the devices, are shown in Table 3. The magnetization is measured by a vibration type magnetometer. The 
varying value of the electrical resistance is measured by a four-terminal method using the samples shown in Table 3, 
while applying an external magnetic field, in a direction vertical to the direction of the flowing current so as to vary the 

10 magnetic field. j 





Table 3] 


Sample No. 


Resistance Variation Ratio AR/R(%) 


switching field Ht(Oe) 


Saturation Magnetic Field Hs (Oe) 


A4 


I 5 


11 


450 


B4 


! 6 


7 


300 


C4 


I 4 


12 


330 


D4 


4 


5 


400 


E4 


6 


15 


420 


F4 


7 


7 


360 



[01 70] The film is sputtered in the magnetic field so that the easy axis of the magnetic film exhibiting soft magnetism 
25 crosses the easy axis of the magnetic film exhibiting semi-hard magnetism at a right angle. The magnetoresistance 
effect of the film is measured by applying a magnetic field in a direction of the magnetization hard axis of the magnetic 
film exhibiting soft magnetism.: The switching field Ht of the film shown in Table 3 are the values in the direction of the 
magnetization hard axis, while the saturation magnetic fields Hs are the values in the direction of the magnetization 
easy axis. 

30 [0171] As is apparent from Table 3, the magnetoresistance effect device of this example exhibits practical charac- 
teristics usable for a magnetoresistance effect device and a magnetoresistance effect type head, that is to say, the 
device shows a large resistance variation ratio AR/R at room temperature, a relatively small switching field Ht in the 
rising portion, and a large saturation magnetic field Hs. 

35 (Example 14) 

[0172] In the same way as in Examples 11 to 13, magnetoresistive devices having the following configurations (Sam- 
ples Nos. A5, B5, and C5) are-formed on a glass substrate by using a sputterer. 

40 A5: [Ni-Fe(3)/Cu(2)/Ni-Co : Fe(14)/Cu(2)] 

B5; [Co-Fe(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)J 
C5: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)] 

[0173] The composition ratios of Ni-Fe, Co-Fe, Ni-Co-Fe and Co-Fe-V are set to be Ni 0 5 Fe 0 5 , Co 05 Fe 05 , 
45 N 'o.8 Co o.i Fe o.i» and Co o.49 Fe o.49 v o.02' respectively. The film thickness is controlled by power and shutter speed. 

[0174] In the same way, by using Co 0 5 Fe 0 5 and Ni 0 7Co 0 2 Fe 0 as targets, magnetoresistive devices having the 
following configurations (Samples Nos. D5, E5, and F5) are formed on a glass substrate. 

D5: [Co-Fe(3)/Au(2)/Ni-Co-Fe(14)/Au(2)] 
50 E5: [Co-Fe(3)/Ag(2)/Ni-Co-Fe(14)/Ag(2)] 

F5: [Co-Fe(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)J 

[0175] Various characteristics of the obtained samples Nos. A5 to F5 of the magnetoresistive devices, i.e., the re- 
sistance variation ratio AR/R at room temperature and the switching field Ht in the rising portion, are shown in Table 
55 4. The magnetization is measured by a vibration type magnetometer. The varying value of the electrical resistance is 
measured by a four-terminal method using the samples shown in Table 4, while applying an external magnetic field in 
a direction vertical to the direction of the flowing current so as to vary the magnetic field. 
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[Table 4] 



Sample No. 


Resistance Variation Ratio AR/R (%) 


switching field Ht (Oe) 


A5 , 


3 


3 


B5 


6 


4 


C5 [ 


5 


3 


D5 ; 


5 


3 


E5 j 


6 


5 


F5 : 


6 


5 



[01 76] The film is sputtered in the magnetic field so that the easy axis of the magnetic film exhibiting soft magnetism 
crosses the easy axis of the magnetic film exhibiting semi-hard magnetism at a right angle, The magnetoresistance 
effect of the film is measured by applying a magnetic field in a direction of the magnetization hard axis of the magnetic 
film exhibiting soft magnetism.; The switching field Ht of the film shown in Table 4 are the values in the direction of the 
magnetization hard axis. \ 

[0177] As is apparent from the results shown Table 4, the magnetoresistance effect device of this example exhibits 
practical characteristics useful for a high-sensitivity magnetoresistance effect device, a magnetoresistance effect type 
head and memory device, that is to say, the device shows more abrupt characteristics and a smaller switching field Ht 
in the rising portion by setting the thickness of the soft magnetic film thicker than that of the semi-hard magnetic film. 

(Example 15) 

[01 78] In the same way as in Examples 11 to 1 4, magnetoresistive devices having the following configurations (Sam- 
ples Nos. A6, B6, and C6) are formed on a glass substrate by using a sputterer. 

A6: [CO-Fe-V(3)/Cu(2)/Ni-Fe(14)/Cu(2)] 
B6: [Co-Fe-V(3)/Cu(2)/Ni-Co(14)/Cu(2)] 
C6: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)] 

[0179] Samples A6 and B6 are comparative examples not falling within the scope of the claims. 
[0180] The composition ratios of Ni-Fe, Ni-Co, Ni-Co-Fe and CO-Fe-V are set to be Ni 08 Fe 02 , Ni 08 Co 02 , 
Ni o.8 Co o.i fIe o.i and Co o.49 Fe o.49 v o.02' respectively. The film thickness is controlled by power and shutter speed. 
[01 81 ] In the same way, by using Co 0 48 Fe 0 .49V 0 03 and Ni 0 7 Co 0 2 Fe 0 A as targets, magnetoresistive devices having 
the following configurations (Samples Nos. D6, E6, and F6) are formed on a glass substrate. 

D6: [Co-Fe-V(3)/Au(2)/Ni-Co-Fe(14)/Au(2)] 
E6: [Co-Fe-V(3)/Ag(2)/Ni-Co-Fe(14)/Ag(2)] 
F6: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)] 

[0182] Various characteristics of the obtained samples Nos. A6 to F6 of the magnetoresistive devices, i.e., the re- 
sistance variation ratio AR/R at room temperature, the switching field Ht in the rising portion and the saturation magnetic 
field Hs of the devices, are shown in Table 5. The magnetization is measured by a vibration type magnetometer. The 
varying value of the electrical resistance is measured by a four-terminal method using the samples shown in Table 5, 
'while applying an external magnetic field in a direction vertical to the direction of the flowing current so as to vary the 
magnetic field. 





Table 5 ] 


Sample No. 


Resistance Variation Ratio AR/R (%) 


switching field Ht (Oe) 


Saturation Magnetic Field Hs(Oe) 


A6 


4 


5 


50 


B6 


• 5 


7 


60 


C6 


; 4 


9 


45 


D6 


5 


5 


70 
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[Table 5 ] (continued) 



Sample No. 


Resistance Variation Ratio AR/R (%) 


switching field Ht (Oe) 


Saturation Magnetic Field Hs(Oe) 


E5 


6 


10 


40 


F6 


: 6 


6 


40 



[01 83] The film is sputtered in the magnetic field so that the easy axis of the magnetic film exhibiting soft magnetism 
crosses the easy axis of the magnetic film exhibiting semi-hard magnetism at a right angle. The magnetoresistance 
10 effect of the film is measured by applying a magnetic field in a direction of the magnetization hard exis of the magnetic 
film exhibiting soft magnetism.! The switching field Ht of the film shown in Table 5 are the values in the direction of the 
magnetization hard axis, while the saturation magnetic fields Hs are the values in the direction of the magnetization 
easy axis. j 

[0184] As is apparent from fable 5, the magneto-resistance effect device of this example exhibits practical charac- 
15 teristics useful for a memory device, that is to say, the device shows a large resistance variation ratio AR/R at room 
temperature, a relatively small; switching fieid Ht in the rising portion, and a small saturation magnetic field Hs. 

(Example 16) j 

20 [0185] In this example, an MR head is produced using the magnetoresistive devices. The following magnetoresist- 
ance effect films are used for forming the head. 

A7: [Ni-Fe(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)] 
B7; [Co-Fe(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)] 
25 C7: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)] 

[0186] The composition ratios of Ni-Fe, Co-Fe, Co-Fe-V, and Ni-Co-Fe are set to be Ni 05 Fe 05 , Co 0 5 Fe 0 5 , 
Co o.52 Fe o.39 v o.09 and Ni o.7 Co p.2 Fe o.i - respectively. 

[0187] Various characteristics of the obtained samples, i.e., the resistance variation ratios AR/R and the output ratios, 
30 are shown in Table 6. 



[Table 6] 



Sample No. 


Resistance Variation Ratio 


Output Ratio 




AR/R (%) 




A7 


6 


3.4 


B7 


5 


4.1 


C7 


6 


3.9 



40 

[01 88] The film is sputtered in the magnetic field so that the easy axis of the magnetic film exhibiting soft magnetism 
crosses the easy axis of the magnetic film exhibiting semi-hard magnetism at a right angle. The stacking cycles are 
set to be 3. The resistance variation ratios AR/R shown in Table 6 are those measured before forming a head. The 
output ratios shown in Table 6 are obtained by comparing the output of the MR head of this example with that of a 
45 conventional MR head. As is apparent from the results shown in Table 6, according to the MR head of this example, 
a larger output may be obtained than from a conventional MR head. 

(Example 17) 

50 [0189] In this example, a memory device shown in Figure 4 was produced by a photolithography technique using 
the magnetoresistive devices. The following magnetoresistance effect films were used for forming the memory device. 

i 

A8: [Ni-Fe(3)/Cu(2)/Ni-Co : Fe(14)/Cu(2)] 
B8: [Co-Fe(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)] 
55 C8: [Co-Fe-V(3)/Cu(2)/Ni-Co-Fe(14)/Cu(2)] 

[0190] The composition ratios of Ni-Fe, Co-Fe, Co-Fe-V and Ni-Co-Fe are set to be 
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Co 0 5 Fe 0 5 , Co 0 49 Fe 0 49 V 0 02 and Ni 0 7 Co 0 2 Fe 01 , respectively. 

5 [0191] The measurement is performed in the following manner. First, an electric current of +100 mA is supplied 
through conductor lines 5, thereby magnetizing the semi-hard magnetic film V in one direction so as to record infor- 
mation. The information is read out by supplying an electric current signal of ±50 mA to the conductor lines 5, by which 
the soft magnetic film 3 can be inverted. The variation of the resistance, i.e., the variation of the voltage, is measured 
by using an oscilloscope. The measured output waveforme are shown in Figure 20A. Next, to the contrary to the case 

10 shown in Figure 20A, an electric current of -100 mA is supplied through the conductor lines 5, thereby magnetizing the 
semi-hard magnetic film V in an opposite direction so as to record the information. The information is read out by 
supplying an electric current signal of ±50 mA through the conductor lines 5. In the same way, the variation of the 
resistance, i.e., the variation of the voltage, is measured by using an oscilloscope. The measured output waveforms 
are shown in Figure 20B. As is apparent from the results of these experiments, the information may be recorded and 

15 reproduced easily. ; 

[0192] In the following Examples 18 to 23, the embodiments of the invention which use a magnetoresistance effect 
device having a multilayer structure formed epitaxially on a substrate will be described. 

[0193] The magnetoresistance effect device of the present invention includes a multilayer structure composed of 
sets of films, each set including a hard magnetic film mainly made of Co., CoPt, or CoFe and a soft magnetic film mainly 
20 made of NiFeCo with a non-magnetic metal film mainly made of Cu having a thickness of 2 to less than 5 nm interposed 
therebetween, the multilayer structure being formed epitaxially on a substrate so that a [100] direction is in a direction 
vertical to a film surface and a magnetic field direction to be detected is substantially a [011] direction in plane of the 
Cu film. 

[0194] As for the soft magnetic film, a film mainly made of NiFeCo is preferably used. Specifically, an Ni-rich soft 
25 magnetic film of an atomic composition of Ni x Co y Fe z where 0.6 < x < 0.9, 0 < y < 0.4, 0 < z < 0.3 or a Co-rich soft 
magnetic film of an atomic composition of Ni x .Co y .Fe z , where 0 < x' < 0.4, 0.2 < y' < 0.95, 0 < z' < 0.3 is desirably used. 
The films of the above compositions have a low magnetic distortion characteristic (in the order of 1 x 10* 5 or less) 
which is required for MR sensors and MR heads. 

[0195] As for the hard magnetic film, a film mainly made of Co, more desirably mainly made of CoPt can be used. 

30 The CoPt film is more suitable as the hard magnetic film than the Co film because the CoPt film has a large coercive 
force and thus does not allow the magnetization to be easily inverted compared with the Co film. The CoPt film preferably 
has an atomic composition of Co^Ptx where 0 < x < 0.4. When x > 0.4, the MR ratio decreases. In some instances, 
a CoFe film may be advantageously used as the hard magnetic film. The CoFe film provides a comparatively small 
coercive force, which results in easy write operation when the device is applied to a memory device, and thereby 

35 reduces the current to be applied to a conductor during the write operation. The atomic composition of the CoFe film 
is preferably Co.,_ x Fe x where 0.3 ^ x < 0.7, more preferably 0.4 <, x < 0.6,. most preferebly x is near 0.5. 
[0196] In the above structure, the soft magnetic film may be first formed on a substrate or a suitable underlayer 
formed on the substrate, or the hard magnetic film may be first formed. In either case, the set of these films are stacked 
two to ten times, preferably. When only one set of films are stacked, the resultant MR ratio is small, while when more 
than ten sets of films are stecked, a large operational magnetic field is required. 

[0197] In the above structure, a surface magnetic film is preferably covered with a suitable protective film made of 
Au, Cr, or the like so as to prevent the surface from being degraded due to oxidation and the like. 
[0198] The multilayer structure is preferably formed on an Si (1 00) single crystalline substrate via a underlayer mainly 
made of Cu. The thickness of the Cu underlayer should be in the range of 1 nm to 50 nm, more preferably in the range 
45 of 5 nm to 50 nm. When the thickness of the Cu underlayer is less than 1 nm, magnetic material is not epitaxially grown 
on the Cu backing film. When: the thickness of the Cu underlayer exceeds 50 nm, the resistance of the underlayer 
becomes so small that the resistance of the resultant device may be decreased. 

[0199] The magnetoresistance effect device of the invention may include a multilayer structure formed on a substrate, 
the multilayer structure being composed of sets of films, each set including a hard magnetic film mainly made of Co, 
50 CoFt, or CoFe and a soft magnetic film mainly made of NiFeCo with a first non-magnetic metal film mainly made of 
Cu having a thickness of 2 to less than 5 nm interposed therebetween. In this embodiment, a second non-magnetic 
metal film mainly made of Ag or Au having a thickness of 0.1 to 0.4 nm is inserted in the first non-magnetic metal film. 
Preferably, the second non-magnetic metal film is mainly made of Ag. 

[0200] Preferably, the above multilayer structure is formed so that a (100) plane be epitaxially grown in a direction 
55 parallel to a film surface and a magnetic field direction to be detected be substantially a [011] direction in plane of the 
multilayer structure. That is, the [100] direction of the film is in a direction vertical to the film plane. The multilayer 
structure may be formed on an Si(100) single crystalline substrate via a underlayer mainly made of Cu. 
[0201] The magnetoresistance effect device may include a multilayer structure formed on a substrate, the multilayer 
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structure being composed of sets of films each having a hard magnetic film mainly made of Co, CoPt, or CoFe and a 
soft magnetic film mainly made of NiFeCo with a non-magnetic metal film interposed therebetween. In this embodiment, 
at least two consecutive soft magnetic films each having a thickness in the range of 1 to 10 nm are stacked with a non- 
magnetic metal film interposed therebetween, and the hard magnetic film and the consecutive soft magnetic films are 
5 stacked with the non-magnetic metal film interposed therebetween. 

[0202] Preferably, the thickness of the non-magnetic metal film between the consecutive soft magnetic films and the 
hard magnetic film is larger than the thickness of the non-magnetic metal film between the consecutive soft magnetic 
films. 

[0203] The non-magnetic metal film formed between the consecutive soft magnetic films is preferably composed of 

10 a single film mainly made of Cu, while the non-magnetic metal film formed between the consecutive soft magnetic films 
and the hard magnetic film is composed of a film mainly made of Cu with an Ag or Au film inserted therein. 
[0204] Preferably, the multilayer structure is epitaxially formed so that a (100) plane is in a direction parallel to a film 
surface and a magnetic field direction to be detected is substantially a [011] direction in the plane of the Cu film. 
[0205] The magnetoresistance effect device may include a multilayer structure composed of sets of films each having 

15 a hard magnetic film mainly made of Co, Copt, or CoFe and a soft magnetic film mainly made of NiFeCo with a non- 
magnetic metal film interposed therebetween. In this embodiment, at least two consecutive hard magnetic films each 
having a thickness of 1 to 10 hm are stacked with a non-magnetic metal film interposed therebetween, and at least 
two consecutive soft magnetic;films each having a thickness of 1 to 10 nm are stacked with a non-magnetic metal film 
interposed therebetween. The consecutive hard magnetic films and the consecutive soft magnetic films are stacked 

20 with a non-magnetic metal film interposed therebetween. The thickness of the non-magnetic metal film between the 
consecutive hard magnetic films and the consecutive soft magnetic films is larger than the thickness of the non-magnetic 
metal film between the consecutive soft magnetic films or between the consecutive hard magnetic films. 
[0206] Preferably, the non-magnetic metal film formed between the consecutive soft magnetic films or between the 
consecutive hard magnetic films is composed of a single film mainly made of Cu, while the non-magnetic metal film 

25 formed between the consecutive soft magnetic films and the consecutive hard magnetic films is composed of a film 
mainly made of Cu with an Ag or Au film inserted therein. 

[0207] Preferably, the multilayer structure is epitaxially formed so that a (100) plane is in a direction parallel to a film 
surface and a magnetic field direction to be detected is substantially a [011] direction in the plane of the Cu film. 
[0208] A magnetic memory device may be provided by applying the magnetoresistance effect device of the present 

30 invention to a memory device.; As a basic structure, the magnetic memory device includes a device portion having a 
hard magnetic film mainly made of Co, CoPt, or CoFe and a soft magnetic film mainly made of NiFeCo with a non- 
magnetic metal film mainly made of Cu having a thickness of 2 to less than 5 nm, epitaxially formed on a substrate so 
that a (100) plane is parallel to a film surface, and a conductor disposed in the vicinity of the device portion via an 
electrically insulating film. The : magnetic memory device is formed so that the magnetization direction to be recorded 

35 is substantially a [011] direction in the plane of the Cu film. 

[0209] According to the invention, an amplifier may be provided by applying the magnetoresistance effect device of 
the present invention to an amplifier. As a basic structure, the amplifier includes a device portion having a hard magnetic 
film mainly made of Co, CoPt, or CoFe and a soft magnetic film mainly made of NiFeCo with a non-magnetic metal 
film mainly made of Cu having a thickness of 2 to less than 5 nm, epitaxially formed on a substrate so that the (100) 

<o plane is parallel to the film surface, and a conductor disposed in the vicinity of the device portion via an electrically 
insulating film. The amplifier is formed so that the magnetization direction of an operating magnetic film is substantially 
a [011] direction in the plane of the Cu film. 

[021 0] Moreover, a magnetic head may be provided by applying the magnetoresistance effect device of the present 
invention to a magnetic head. As a basic structure, the magnetic head includes a device portion having a hard magnetic 
^5 film mainly made of Co, CoPt, or CoFe and a soft magnetic film mainly made of NiFeCo with a non-magnetic metal 
film mainly made of Cu having a thickness of 2 to less than 5 nm, epitaxially formed on a substrate so that the (100) 
plane is parallel to a film surface, and a yoke provided to form a magnetic path commonly used with the device portion. 
The magnetic head is formed so that the magnetization direction of an operating magnetic film is substantially the [011] 
direction of the Cu film. i 

50 [021 1] According to the present invention, since the multilayer structure is formed by growing crystal epitaxially on 
the substrate, non-uniform thin film formations such as island-shaped formations can be prevented. It is known that 
the conditions of the interface between the magnetic film and the non-magnetic metal film is influential to the magne- 
toresistance effect of an artificial multilayer. According to the present invention, epitaxially grown films provide a flat 
interface, and thus a great magnetoresistance effect can be obtained. The [NiCoFe/Cu] and [Co/Cu] epitaxial films 

55 where the (100) crystal plane is parallel to the substrate surface have weak magnetic correlation, compared with a 
(111) film. Accordingly, the (100) film is suitable for creating magnetization inversion with a low magnetic field. When 
the (100) epitaxial film is used for the magnetoresistance affect device, it is required to apply a magnetic field substan- 
tially in a [011] direction in the plane of the Cu film. This is because, in the (100) epitaxial film, the magnetization easy 
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axis of the NiFeCo film is in the [011] direction in the plane of the Cu film. Therefore, by applying a magnetic field in 
this direction, the measurement with a reduced field and an increased MR value is realized. 

[0212] Si (100) single crystal is suitable for a substrate on which an epitaxial film is grown. Si substrates are com- 
mercially available inexpensively since they are mass-produced for the fabrication of semiconductor devices. Such an 

5 Si (100) substrate is treated with hydrofluoric acid to remove any oxidized film on the surface. By this treatment, it is 
possible to grow Cu epitaxially at room temperature. This process is advantageous because no step of pre-heating 
the Si substrate in a vacuum is required. The thickness of the backing Cu film is suitably in the range of 1 to 50 nm, 
more preferably of 5 to 50 nm! When the thickness of the Cu underlayer is less than 1 nm, it is difficult to epitaxially 
form a multilayer on the backing film. When the thickness of the underlayer exceeds 50 nm, the resistance of the 

10 underlayer is so small that theiMR ratio decreases. 

[0213] The magnetoresistance effect device of the present invention is preferably fabricated by a thin film formation 
technique such as sputtering and vapor deposition. When a thin film is formed on a glass substrate by vapor deposition, 
however, crystal grains tend to be deposited into the shape of spotted islands, making it difficult to form a smooth 
surface. According to the fabrication method of the present invention, a thin film is epitaxially formed on a single crys- 

15 talline substrate, forming a smooth interface between the magnetic film and the non-magnetic metal film, and thereby 
realizing a large MR ratio. 

[0214] Cu is preferably used for the non-magnetic metal film of the magnetoresistance effect device of the present 
invention. As the Cu film is thinner, the interaction between the magnetic films becomes larger and thus the operating 
magnetic field of the resultant magnetoresistance effect device is larger. Therefore, the thickness of the Cu non-mag- 

20 netic metal film should be at least 2 nm, but less than 5 nm. When the thickness of the Cu nonmagnetic film exceeds 
10 nm, the MR ratio lowers because the thickness exceeds the mean free path of electrons. An Ag or Au film having 
a thickness of 0.1 to 0.4 nm may be inserted in the Cu nonmagnetic film. In this case, the operating magnetic field of 
the Cu film lowers without substantially decreasing the MR value. The reason is considered as follows: The magnetic 
films interact with each other via conductive electrons in the nonmagnetic film interposed therebetween. The wave 

25 function of the Cu nonmagnetic film is disturbed by inserting a film of other atoms than Cu in the Cu nonmagnetic film, 
lowering the magnetic interaction and thereby facilitating the magnetic moment directions of the magnetic films to be 
rotated individually. Ag or Au may be used for the magnetic insertion film, though Ag is more preferable. Such an 
insertion film is effective when the thickness thereof is 0.1 nm or more, though it is more effective when the thickness 
is 0.2 nm or more. When the thickness of the insertion film is 0.4 nm or less, the MR value does not substantially 

30 decrease. However, when the thickness exceeds 0.4 nm, the epitaxial orientation is greatly disturbed, lowering the MR 
value and the crystal of the magnetic films. 

[021 5] The thickness of the magnetic films of the present invention is preferably in the range of 1 to 1 0 nm. Especially, 
the soft magnetic film is preferably at least 1 nm, more preferably at least 3 nm because a too thin soft magnetic film 
is infarior in the soft magnetic Characteristics. Also, in consideration of the moan free path of electrons, when two or 

35 more sets of [a hard magnetic film/a non-magnetic metal film/a soft magnetic film] are stacked with a non-magnetic 
metal film interposed between each set, the thickness of each magnetic film is preferably 10 nm or less. 
[021 6] According to another magnetoresistance effect device of the present invention, two or more consecutive soft 
magnetic films are stacked with a non-magnetic metal film interposed between any adjacent soft magnetic films, as 
shown in Figure 23. The thickness of the non-magnetic metal film between the adjacent soft magnetic films is suitably 

^0 selected so that the coupling between the soft magnetic films can be ferromagnetic. With this structure, the coercive 
force of the soft magnetic films can be reduced compared with the case where only a single thick soft magnetic film is 
used. As a result, it is possible to fabricate a magnetoresistance effect device which can operate with a smaller magnetic 
field. Further, the structure of the consecutive soft magnetic films increases the MR ratio, compared with a single thick 
soft magnetic film, because the number of magnetic film/non-magnetic metal film interfaces increases. The thickness 

^5 of the non-magnetic metal film between the consecutive soft magnetic films should be such that a ferromagnetic cou- 
pling can be created between the soft magnetic films, which is preferably in the range of about 0,2 to 0.7 nm or 1.1 to 
1.7 nm, more preferably about 0.5 nm or 1.5 nm. 

[0217] According to still another magnetoresistive effect device of the present invention, two or more consecutive 
soft magnetic films are stacked with a non-magnetic metal film interposed between any adjacent soft magnetic films, 

so and two or more consecutive hard magnetic films are stacked with a non-magnetic metal film interposed between any 
adjacent hard magnetic films, ias shown in Figure 24. The same effect as that described above can be obtained by 
using the consecutive soft magnetic films. Also, the structure of the consecutive hard magnetic films increases the MR 
ratio, compared with a single thick hard magnetic film, because the number of magnetic film/non-magnetic metal film 
interfaces increases. As in the case of the consecutive soft magnetic films, the thickness of the non-magnetic metal 

55 film between the consecutive hard magnetic films should be such that a ferromagnetic coupling can be created between 
the hard magnetic films. The thickness is preferably in the range of about 0.2 to 0.7 nm or 1.1 to 1.7 nm, more preferably 
about 0.5 nm or 1.5 nm. 

[0218] The magnetoresistance effect device of the present invention, is suitable for the application to a memory 
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device and an amplifier as shown in Figure 4. Figure 26 illustrates one example of the MR curve of the magnetoresist- 
ance effect device according to the present invention. As is observed from Figure 26, the high resistivity and the low 
resistivity are switched within a small magnetic field with a good square feature. Accordingly, when such a device is 
applied to a memory device, highly reliable recording and reading is possible. When the device is applied to an amplifier, 
5 a stable output can be obtained. In the thus-fabricated memory device, the coercive force of a hard magnetic film 1 01 
can be varied to some extent .by varying the thickness of the hard magnetic film and by varying the composition of 
CoPt used for the hard magnetic film. As a result, it is possible to produce a hard magnetic film having a coercive force 
suitable for the writing oapability of a conductor 5. 

[0219] An insulating film 6 isipreferably as thin as possible so that a device portion composed of [the hard magnetic 
10 film 101 /a non-magnetic metal film 102/a soft magnetic film 103] is as close as possible to the conductor 5 for mag- 
netizing the device portion. As the device portion is closer to the conductor 5, a greater magnetic field can be generated 
by the application of the same| current, and the device portion can be magnetized by the application of less current. 
However, the thickness of the insulating film 6 is required to be at least 5 nm to avoid troubles such as characteristic 
degradation due to heating and inferior insulating property. The thickness is also required preferably to be 1 urn or lass 
15 in consideration of the magnetization range where a magnetic field can be generated for magnetizing the hard magnetic 
film 101 (for writing information on the hard magnetic film 101). Si0 2 is especially preferable as the insulating material 
in consideration of the processibility and the flatness. However, any other material may be used as far as it has the 
insulation property. 

[0220] The conductor 5 may be formed in a strip shape as shown in Figure 4 when it is used for a memory device. 
20 in the case of arranging memory devices in a matrix, the conductor 5 may be formed so that two conductors do not 
cross each other on the magnetoresistance effect device as shown in Figure 15A or two conductors cross each other 
as shown in Figure 15B. 

[0221] The magnetoresistance effect device of the present invention, which creates a large magnetoresistive change 
within a low magnetic field as described above, is also suitable for application to a magnetic head. However, since an 

25 epitaxial film is used for the magnetoresistance effect device of the present invention, it is difficult to form such an 
epitaxial film on a conventional ferrite substrate. This necessitates a special consideration for the application of the 
present invention to a magnetic head. Figure 29 shows an exemplified basic structure for a magnetic head according 
to the present invention. In Figure 29, a device portion 109 is formed on an Si substrate 107 and is covered with an 
insulating film 110. The insulating film 110 may be made of various types of materials including Al 2 0 2 , butSi0 2 is most 

30 preferable. A yoke 111 is formed on the insulating film 110 and is magnetically coupled with the device portion 109 at 
a portion where the insulating film 110 is thinned, thareby forming a magnetic path. The yoke 111 is preferably made 
of a material which is soft magnetic and has a high magnetic permeability, such as an amorphous magnetic film of a 
Co group. A magnetic flux which leaks from a magnetic recording medium directly enters the device portion 109 from 
the left as is seen in Figure 29 and is converted into an electric signal. 

35 [0222] The following Examples 18 to 21 are comparative examples not falling within the scope of the claims. 

I 

(Example 18) 

[0223] A magnetoresistance:effect device was fabricated by use of an ultra-high vacuum deposition apparatus, using 
40 Si (100) single crystal as a substrate. First, a Si (100) substrate was treated with a 7% hydrofluoric acid to remove any 
oxidized film on the surface of the substrate, and then sufficiently cleaned with pure water. The substrate was then 
placed in an ultra-high vacuum deposition apparatus to form a underlayer and a multilayer structure A under a vacuum 
of approximately 2.6 x 10" 7 Pa (2 x 10* 9 Torr): 

A9:Si(1 00)/Cu(50)/[Co(3)/Cu(6)/NiFe(3)/Cu(6)] 10 (parenthesized values indicate the thickness (nm) except for Si(1 00), 

45 superscript number 1 0 indicates that the set of films within [ ] are stacked 1 0 times.) 

[0224] In the above film formation process, a Knudsen cell was used as an evaporation source for Cu, while an 
electron beam evaporation source was used for Co and NiFe. The Knudsen cell provides deposition with a stable 
evaporation rate and thus is suitable for obtaining a high-quality thin film, though it finds it difficult to evaporate a 
substance having a high melting point. The Knudsen cell is therefore suitably used for the deposition of Cu and Ag 

50 (the deposition of the latter will be described later). For NiFe, an evaporation source of a previously prepared alloy of 

» 

N± 0ift Fe Ot3 

55 (the composition is expressed by the ratio of the numbers of atoms; hereinafter, referred to as the atomic composition) 
was used. Whether each film was growing epitaxially was monitored by RHEED (reflection high energy electron dif- 
fraction) during the film formation prooess. As a result of the monitoring, the films were found to have grown epitaxially 
with the relationship of Si(100)//Cu(100)//Co(100)//NiFe(100) in a stacking direction and Si(001]//Cu[011]//Co[011]// 

! 
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NiFe[011] in a film plane. (100) indicates a (100) crystal plane. After the film formation process, the resultant multilayer 
structure was examined by X-ray diffraction. As a result, a sharp peak corresponding to Cu(200) was observed, but 
no peak corresponding to (111) and (220) was observed. For comparison, a magnetoresistance effect device having 
the same multilayer structure formed on a glass substrate via a 5 nm-thick Cr underlayer was fabricated. 

5 [0225] These magnetoresistance effect devices were measured by a four-terminal method under an applied magnetic 
field of maximum 500 Oe at room temperature. In this measurement, the magnetic field was applied in the two directions 
of [001] and [011] in plane of the Cu underlayer on the substrate. The results of the measurement are shown in Figures 
27A and 27B for the device A9| end the device of the comparative example, respectively. In Figures 27A and 27B, the 
x-axis represents the magnetic field applied from outside, while the y-axis represents the MR ratio. The solid line in 

10 Figure 27A is a curve obtained by applying the magnetic field in the [011] direction in plane of the Cu backing film, 
while the dot line in the [001] direction in plane or the Cu backing film. From Figure 27A, it is found that the MR ratio 
is larger and more sharply changes when the magnetic field is applied in the [011] direction than in the [001] direction. 
In comparison of the above MfR curve with the MR curve shown in Figure 27B for the comparative example using a 
glass substrate, it is found that : the MR curve of the magnetoresistance effect device A has a good linearity and sharply 

15 changes near the zero field. Inlthe comparative example shown in Figure 27B, the dependency of the MR ratio on the 
direction of the magnetic field was hardly observed. In Figure 27A, the MR ratio can be larger by thinning the Cu backing 
film. When the thickness of the Cu underlayer of the device A is changed to 5 nm without changing other conditions, 
the resultant device can provide an MR ratio of approximately 10% with a substantially the same MR curve as that of 
Figure 27A though the crystallinity thereof lowers more or less. 

20 [0226] In Example 1 8, Co was used for the hard magnetic film. The MR ratio can be further increased by using CoPt 
as the hard magnetic film. The CoPt film was formed by evaporating Co and Pt simultaneously using separate evap- 
oration sources so as to obtain an atomic composition of 



25 COq^P^,,. 

The thus-fabricated magnetoresistance effect device, 
A9 1 : Si(100)/Cu(50)/[CoPt(3)/Cu(6)/Nife(3)/Cu(6)] 10 

had an MR ratio of approximately 8%, which is greater by approximately 1% than that of the device A9. 

30 j 

(Example 19) 

[0227] A magnetoresistance effect device having a structure of: 

B9: Si(100)/Cu(50)/[Co(3)/Cu(2.5-x/2)/Ag(x)/Cu(2.5-x/2)/NiFe(3)/Cu(2.5-x/2)/Ag(x)/Cu(2.5-x72)] 1 0 
35 of the multilayer type shown imFigure 22 was fabricated in the same manner as that described in Example 1 8. Ag was 
evaporated by use of the Knudsen cell as in the case of Cu. The Knudsen cell is suitable for forming thin films as in 
this case with high accuracy. The MR curves of the magnetoresistance effect device B9 when x is 0, 0.1, 0.2, and 0.4 
nm are shown in Figures 28A to 28D, respectively. It is observed from Figures 28A to 28D that, when the thickness of 
the Ag film is 0.1 nm and 0.2 nm, the MR curve sharply rises near the zero field for the measurement in the [011] 
40 direction. When the thickness of the Ag film is 0.4 nm or more, the crystallinity is deteriorated, decreasing the MR ratio 
and losing direction with significant characteristics. The maximum MR curve, MR/AH=1 .3%/Oe was obtained by setting 
x at 0.2 and the thickness of the underlayer at 5 nm. 
[0228] Magnetoresistance effect devices of a so-called sandwich type of: 

i 

45 C9: Si(100)/Cu(5)/NiFe(10)/Cu(5)/Co(10) 

D9: Si(100)/Cu(5)/NiFe(10)/Cu(2.4)/Ag(0.2)/Cu(2.4)/Co(10) 

had MR ratios of 3.5% and 4.3%, respectively, which was significantly greater than that of a comparative example 
using a glass substrate: 
50 Comparative: glass/Cr(5)/NiFe(10)/Cu(5)/Co(10) example 
of which MR ratio was 1 .5%. 

[0229] The MR ratio can also be increased by forming a Co film between the soft magnetic film and the non-magnetic 
metal film. A magnetoresistance effect device with this structure: 
C9': Si(100)/Cu(5)/NiFe(10-t)/Co(t)/Cu(5)/Co(10) 
55 had a MR ratio of 4,0%, 5.0%, 4.5%, and 3.5% when t was 0.2, 0.5, 1.0, and 2.0 nm, respectively. The thickness of 
the interposed Co film is preferably in the range of 0.1 nm to 1.0 nm. This interposition of Co between the soft magnetic 
film and the non-magnetic metal film is also effective for a multilayer structure. 
[0230] The MR ratio can be further increased by using NiFeCo for the soft magnetic film, instead of 
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Ni..,Feo., 

i 

used in the above example. For example, when the NiFe film of the device C9 was replaced with an Ni 0 7 Co 0 ^Feo 2 

5 film, the MR ratio increased by approximately 1% to obtain 4.5%. 

[0231] Memory devices were fabricated by forming an Si0 2 insulating film and an Au/Cr film as a conductor on the 
above sandwich type devices by sputtering. The operation of the resultant memory devices was tested in the following 
manner: As shown in Figure 6A, a strong current was applied to the conductor 5 to magnetize the hard magnetic film 
1 '(1 01 ) in one direction. As shown in Figure 6B, a weak current was applied to the conductor 5 to align the soft magnetic 

10 film 103 in one direction. Then; as shown in Figure 6C, the weak current flowing in the conductor 5 was inverted, and, 
at this point, a change in the resistance at the magnetoresistive device portion was measured. As a result, it was 
confirmed that the change in the resistance was definitely + (increase) or -(decrease) depending on the magnetization 
direction recorded on the hard magnetic film 101 as shown in Figure 6D. This change in the resistance was double 
the comparative example for the device C9 and triple for the device D9. In the case where a memory device was 

15 fabricated by using a j 

» 

Co 0>5 Fe 0< , 



20 

film instead of Co film of D9 in the same manner for D9, the change in the resistance of this device was 4 times the 
comparative example. 

[0232] The memory devices having the sandwich type structure of [the hard magnetic film/the non-magnetic metal 
film/the soft magnetic film] as shown in Figure 4 were described. The present invention is also effective for a multilayer 
25 type memory device as shown in Figure 25 and memory devices having the multilayer structures shown in Figures 21 
to 24. However, the square feature is very important when the magnetoresistance effect device is used for the memory 
device. Accordingly, a sandwich type device as shown in Figure 4 which has a non-magnetic metal film composed of 
Cu/Ag/Cu is desirable. 

[0233] In Figures 4 and 6A to 6D, the memory device includes only one conductor 5. The present invention is also 
30 effective as a memory device having two conductors. For example, such conductors may be arranged in a matrix, and 
the write operation is performed at each intersection of the conductors by use of a synthesized magnetic field generated 
by currents flowing the intersecting two conductors. 

[0234] The same devices were applied to an amplifier, and the operation as the amplifier was tested. As shown in 
Figure 8A, a strong current was applied to the conductor 5 to magnetize the hard magnetic film T(1 01) in one direction. 

35 As shown in Figure 8B, an input AC voltage was applied to the conductor 5, and a change in the output voltage which 
may be caused by a change in the resistance at the conductor was measured. As a result, it was confirmed that the 
input voltage had been amplified as shown in Figure 8C. The magnitude of the output voltage was double that of the 
comparative example for the device C9 and triple for the device D9. The devices C9 and D9 were also advantageous 
in that the noise was low compared with the comparative example. 

40 [0235] A magnetic head was fabricated by forming an Si0 2 insulating film and a Co 0 82 Nb 0 12 Zr 0 0 6 yoke film on the 
device C9 by sputtering. The output of the resultant magnetic head of the present invention was double that of a 
conventional magnetic head using NiFe recorded in the same manner as the above. 

(Example 20) 

45 

[0236] Magnetoresistance effect devices of the type shown in Figure 23: 



50 



55 



E9: Si(100)/Cu(5)/NiFe(3)/Cu(0.5)/NiFe(3)/Cu(0.5) /NiFe(3)/Cu(5)/Co(10) 

F9: Si(100)/Cu(5)/NiFe(3)/Cu(0.5)/NiFe(3)/Cu(0.5)/NiFe(3)/Cu(2.4)/Ag(0.2)/Cu(2.4)/Co(10) 

were fabricated in the mannerdescribed in Examples 18 and 19. The MR ratio of the devices E9 and F9 were 5.6%, 
which was greater than those of the devices C9 and D9. 

(Example 21) 

[0237] Magnetoresistance effect devices of the type shown in Figure 24; 

G9: Si(100)/Cu(5)/[Co(3)/Cu(1 .5)/Co(3)/Cu(6)/NiFe(3)/Cu(1 .5)/NiFe(3)/Cu(6)]3 



29 




EP 1 126 531 A2 



H9: Si(100)/Cu(5)/[Co(3)/Cu(1 .5)/Co(3)/Cu(2.4)/Ag(0.2)/Cu(2.4)/NiFe(3)/Cu(1 ,5)NiFe(3)Cu(6)] 3 

were fabricated in the manner described in Examples 18 to 20. The MR ratios of the devices G9 and H9 were 10% 
and 12% at 10 Oe, respectively. 



19: glass/Cr(5)/[CoR(3)/Cu(5)/CoNiFe(3)/Cu(1 .5) /CoNiFe(3)/Cu(5)] 3 

J9: glass/Cr(5)/[CoPt(1.5)/Cu(0.5)/CoPt(1.5) /Cu(5)/CoNiFe(3)/Cu(1.5)/CoNiFe(3)/Cu(5)] 3 

Comparative: glass/Cr(5)/[CoPt(3)/Cu(5) 

example /CoNiFe(6)/Cu(5)] 3 were fabricated in the manner described in Examples 18 to 21. The CoPt film, of 
which atomic composition was;Co 0 9 PtQ 1f was obtained by evaporating Co and Pt from separate evaporation sources. 
The CoNiFe film, whose atomic composition was Co 0 6 Ni 0 3 Fe 0 2 was evaporated by use of an alloy evaporation source. 
The MR ratios of the devices 19 and J9 were 6.7%, while that of the comparative example was 4%. 

i 

(Example 23) 

[0239] Magnetoresistance effect devices using a glass substrate: 

K9: glass/[CoPt(3)/Cu(2.4)/Ag(0.2)/Cu(2.4)/NiFeCo(3)/Cu(2.4)/Ag(0.2)/Cu(2.4)]2 

L9; glass/[CoPt(3)/Cu(2.4)/Au(0.2)/Cu(2.4)/NiFeCo(3)/Cu(2.4)/Au(0.2)/Cu(2.4)] 2 
Comparative: glass/[CoPt(3)/Cu(5)/CoNiFe(3) 

example /Cu(5)] 2 were fabricated in the manner described in Examples 18 to 22. A 



film were used for the hard magnetic film and the soft magnetic film, respectively. The MR ratios of these devices were 
measured in the manner described in Example 18. As a result, the maximum slopes of the MR curves of the devices 
K9 and L9 were 0.7%/0e and 0.6%/0e, respectively, while that of the comparative example was 0.4%/0e, exhibiting a 
sharp rise near the zero field of the MR curves of the devices K9 and L9. 

[0240] By using these magnetoresistance effect devices, it is possible to obtain a magnetic head, a magnetic memory, 
and an amplifier, as described in the previous examples. 

[0241] The magnetoresistance effect device of the present invention provides a large magnetoresistive change under 
a low magnetic field. Moreover, the magnetoresistance affect device exhibits a large magnetoresistance effect and a 
small magnetostriction at room temperature. 

[0242] Accordingly, by applying the magnetoresistance effect device of the present invention to a magnetic head, a 
magnetic memory, and an amplifier, a magnetic head with high sensitivity and high output, a magnetic memory with 
high reliability and easy write operation, and an amplifier with high output and high reliability may be realized. In addition, 
by reducing the saturation magnetic field Hs, it becomes possible to provide a memory device allowing for recording 
and reproducing. 

[0243] Various other modifications will be apparent to and can be readily made by those skilled in the art without 
departing from the scope of this invention as defined in the claims appended hereto. 



Claims 

1 . A magnetoresistance effect device comprising: 



(Example 22) 



[0238] Magnetoresistance effect devices using a glass substrate: 



film and an 
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a substrate (7); and 

a multilayer structure 'formed on the substrate (7), the multilayer structure including a first magnetic film (1) 
having a direction of a magnetization easy axis substantially agreeing to a direction of a magnetic field to be 
detected, a second magnetic film (3) having a coercive force smaller than the coercive force of said first mag- 
5 netic film (1 ), and a non-magnetic film (2) for separating the first magnetic film (1) from the second magnetic 

film (3), 

characterized in that 

10 said first magnetic film (1 ) has a magnetization curve having a square ratio (S) of 0,7 or more, and a coercive 

force of 20.10 3 /4n A.nr 1 (20 Oersted) or more, 

said non-magnetic film (2) has a thickness less than 5 nm, and said second magnetic film (3) has a coercive 
force less than 20.10 3 /4n A.nr 1 (20 Oersted) and includes: 

either Ni x Co y Fe z wherein X, Y and Z designate atomic composition ratios which satisfy : 0,6 £ X < 0,9, 0 < Y 
15 < 0,4, and 

0<Z<0,3, and'X+Y+Z = 1, 
or Ni x .Co r Fe z . wherein X', Y' and Z' designate atomic ratios which satisfy : 0 < X'< 0,4, 0,2 < Y'< 0,95, and 0 
<Z'<0,3, and X+Y+Z;= 1, 

20 or a Co-based amorphous alloy material Co 0 75 Fe 0 05 B 0 2 . 

2. A magnetoresistance effect device according to claim 1 , wherein the first magnetic film (1 ) includes Co and M as 
main components, M representing Pt or two or more kinds of elements selected from a group consisting of Pt, Cr 
and Ta. 

25 

3. A magnetoresistance effect device according to claim 1, wherein the first magnetic film (1) includes (Co z Fe 1 . 2 ) 2 , 
V^, as a main component, and in an atomic composition ratio, Z is in the range of 0,3 to 0,7, and Z' is in the range 
of 0,9 to 0,98 or equal to 1. 

30 4. A magnetoresistance effect device according to claim 1 , wherein the first magnetic film (1 ) includes Co as a main 
component and the second magnetic film (3) includes Ni x ,Co Y ,Fe z , wherein X', Y* and Z' designate atomic ratios 
which satisfy : 0 < X*< 0,4, 0,2 < Y'< 0,95, 0 < Z'< 0,3, and X'+Y'+Z' = 1. 

5. A magnetoresistance effect device according to one of claims 1 to 4, wherein the non-magnetic film (2) is made 
35 of a material selected from Cu, Ag and Au. 

6. A magnetoresistance effect device according to claim 5, wherein the non-magnetic film (2) has a thickness in the 
range of 1 nm to less than 5 nm. 

<o 7. A magnetoresistance effect device according to one of claims 1 to 6, wherein said multilayer structure comprises 
a further magnetic film (3*) which is inserted on both faces or one face of the first magnetic film (1), the thickness 
of the magnetic film (3') being in the range of 0,1 to 2 nm, and the magnetic film (3') including at least one element 
selected from Co, Ni and Fe as a main component. 

45 8. A magnetoresistance effect device according to claim one of claim 1 to 6, wherein said multilayer structure com- 
prises a further magnetic film (3') which is inserted at, at least one of interfaces between the first magnetic film (1) 
and the non-magnetic film (2), and between the second magnetic film (3) and the non-magnetic film (2), a thickness 
of the magnetic film (3*) being in the range of 0, 1 to 1 nm, and the magnetic film (3*) including at least one element 
selected from Co, Ni and Fe as a main component. 

50 

9. A magnetoresistance effect device according to one of claims 1 to 8, wherein said multilayer structure is stacked 
a plurality of times (N). i 

10. A magnetoresistance effect device according to one of claims 1 to 4, wherein the first magnetic film (1) is mainly 
55 made of Co, Co-Pt or Co-Fe, and the non-magnetic metal film (2) is mainly made of Cu and has a thickness of 2 

to less than 5 nm, the multilayer structure is formed epitaxially on the substrate (7) such that a [100] direction of 
each film (1 ,2,3) composing the multilayer structure is in a direction vertical to a film plane of the each film (1 ,2,3), 
and a magnetic field direction to be detected is substantially a [011] direction of the non-magnetic film (2). 
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11. A magnetoresistance effect device according to claim 10, wherein the substrate (7) is an Si (100) single crystalline 
substrate, the multilayer structure is formed on the substrate (7) via an underlayer (8) mainly made of Cu. 

12. A magnetoresistance effect device according to one of claims 1 to 4, wherein the first magnetic film (101) is mainly 
of Co, Co-Pt or Co-Fe, and the non-magnetic film (102) includes a first non-magnetic film (102-1 ) mainly made of 
Cu having a thickness of 2 to 10 nm and a second non-magnetic film (102-2) mainly made of Ag or Au having a 
thickness of 0,1 to 0,4 nm inserted in the first non-magnetic film (102-1) . 

13. A magnetoresistance effect device according to claim 12, wherein the multilayer structure is formed epitaxially on 
the substrate (107) such that a [100] direction of each film (101 ,102-1,102-2,103) composing the multilayer struc- 
ture is in a direction vertical to a film plane of the each film (101,102-1,102-2,103), and a magnetic field direction 
to be detected is substantially a [011] direction of the non-magnetic film (102-1,102-2). 

14. A magnetoresistance effect device according to claim 13, wherein the substrate (107) is an Si (100) single crys- 
talline substrate, the multilayer structure is formed on the substrate (107) via a sublayer (108) mainly made of Cu. 

» 
i 

15. A magnetoresistance effect device according to one of claims 1 to 4, wherein at least two consecutive second 
magnetic films (1 03) each having a thickness in the range of 1 to 10 nm are stacked with a non-magnetic film (102) 
interposed therebetween, and 

the first magnetic film (101) is mainly made of Co, Co-Pt or Co-Fe, the first magnetic film (101) and the 
consecutive second magnetic films (103) are stacked with the non-magnetic film (102) interposed therebetween. 

1 6. A magnetoresistance effect device according to claim 1 5, wherein the non-magnetic film (1 02) is mainly made of Cu. 

17. A magnetoresistance effect device according to claim 15, wherein the non-magnetic film (102) between the con- 
secutive second magnetic.films (1 03) is composed of a single film mainly made of Cu, the non-magnetic film (1 02) 
between the consecutive second magnetic films (103) and the first magnetic film (1 01 ) is composed of a film mainly 
made of Cu with an Ag or Au film inserted therein. 

30 18. A magnetoresistance effect device according to claim 15, wherein the multilayer structure is formed epitaxially on 
the substrate (107) such that a [100] direction of each film (101 ,102,103) composing the multilayer structure is in 
a direction vertical to a film plane of the each film (101,102,103), and a magnetic field direction to be detected is 
substantially a [011] direction of the non-magnetic film (102). 

35 19. A magnetoresistance effect device according to one of claims 1 to 4, wherein 

the second magnetic film (103) is mainly made of Ni-Fe-Co, at least two second magnetic films (103) each 
having a thickness in the range of 1 to 10 nm are consecutively stacked with the non-magnetic film (102) 
interposed therebetween, 

40 the first magnetic film (101 ) is mainly made of Co, Co-Pt or Co-Fe, at least two first magnetic films (101 ) each 

having a thickness in the range of 1 to 10 nm are consecutively stacked with the non-magnetic film (102) 
interposed therebetween, and 

the consecutive second magnetic films (103) and the consecutive first magnetic films (110) are alternatively 
stacked with the non-magnetic film (102) interposed therebetween, and a thickness of the non-magnetic film 
45 (102) between the second magnetic film (103) and the first magnetic film (101) is larger than a thickness of 

the non-magnetic film (102) between the consecutive second magnetic films (103) or the consecutive first 
magnetic films (101). 

20. A magnetoresistance effect device according to claim 19, wherein the non-magnetic film (1 02) is mainly made of Cu. 

50 

21. A magnetoresistance effect device according to claim 19, wherein the non-magnetic film (102) between the con- 
secutive second magnetic films (1 03) and the non-magnetic film (1 02) between the consecutive first magnetic films 
(101) is a single film mainly made of Cu, the non-magnetic film (102) between the consecutive second magnetic 
film (1 03) and the first magnetic film (1 01 ) is composed of a film mainly made of Cu with an Ag or Au film inserted 

55 therein. 

22. A magnetoresistance effect device according to claim 19, wherein the multilayer structure is formed epitaxially on 
the substrate (107) such that a [100] direction of each film (101 ,102,103) composing the multilayer structure is in 
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a direction vertical to a film plane of the each film (101,102,103), and a magnetic field direction to be detected is 
substantially a [011] direction of the non-magnetic film (102). 

23. A magnetoresistance effect device according to one of the previous claims, wherein a direction of a current flowing 
through the multilayer structure is substantially perpendicular to a film surface of the multilayer structure. 

24. A magnetoresistance effect device according to one of claims 1 to 23, further comprising : 

a yoke (4) for guiding a signal magnetic field from a magnetic medium to the second magnetic film (3), 
wherein said magnetic field to be detected is the signal magnetic field guided by the yoke (4). 

25. A nonvolatile memory device comprising a magnetoresistance effect device according to one of claims 1 to 23, 
further comprising: j 

conductive lines (5) for allowing a first current for recording information and a second current for reading-out 
information to produce therethrough, magnetic fields which are respectively produced by the first current and 
the second current and the second current affecting the magnetoresistance effect device, 
wherein the first magnetic film (V) has a coercive force capable of inverting a magnetization of the first magnetic 
film (V) by the magnetic field produced by the first current, but incapable of inverting the magnetization of the 
first magnetic film (V) by the magnetic field produced by the second current, the second magnetic film (3) 
having a coercive force capable of inverting a magnetization of the second magnetic film (3) by the magnetic 
field produced by the second current, whereby information recorded on the memory device is nondestructively 
read out. 

26. A nonvolatile memory device according to claim 25, wherein the magnetoresistance effect device includes a plu- 
rality of first magnetic films (V), the plurality of first magnetic films (V) having respective coercive forces which are 
different from each other. 

27. A nonvolatile memory device according to claim 25, wherein a magnetization easy axis of the first magnetic film 
(1') substantially agrees to directions of the magnetic fields produced by the first current and the second current 
flowing through the conductor lines (5). 

28. An amplifying device comprising a magnetoresistance effect device according to one of claims 1 to 23, further 
comprising : 

conductive lines (5) for allowing a signal current to flow therethrough, a magnetic field which is produced by 
the signal current affecting the magnetoresistance effect device, 

the first magnetic film (1') has a coercive force incapable of inverting a magnetization of the first magnetic film 
(1') by the magnetic field produced by the signal current, the second magnetic film (3) having a coercive force 
capable of inverting a magnetization of the second magnetic film (3) by the magnetic field produced by the 
signal current. 
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FIG.1B 
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FIG. 16 A 
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FIG.19 
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FIG. 20 A Input signal (50mV) 
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FIG. 20 B Input signcl ( 50mV) 
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FIG. 22 

10 2-2- 102 -^ 



102- 

102-21221 
102- 

102-2^ 
102- 

102-2^ 





102-2 



102- 
102- 



102-2 



102-2 



102- 
102^ 

102- 
102- 
102- 
102- 



5 



23 



102-1 



5gl5§||il§ 




55 



EP 1 126 531 A2 



FIG. 23 
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Fig. 26 
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FIG, 27 'A 
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FIG. 27 B 
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